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Emergency Respiratory Protection Against 


Radiological and Biological 


H. GERALD GUYTON, B.S.; HERBERT M. DECKER, M.S., 


A series of tests was performed to de- 
termine whether certain items commonly 
found in the home or on one’s person would 
be of value as emergency respiratory pro- 
tective expedients in the event of radio- 
logical or biological attack. 


Eight different items selected for inclusion 
in this evaluation were (1) man’s cotton 
handkerchief, (2) woman’s cotton handker- 
chief, (3) cotton dress material, (4) muslin 
bed sheet, (5) man’s cotton shirt, (6) 


Received for publication March 10, 1959. 

From the Biological Warfare Laboratories, Fort 
Detrick, Md. 

This work has been carried out by the U. S. 
Army Chemical Corps, Fort Detrick, Md., through 
a contract supported by the Division of Biology 
and Medicine, U. S. Atomic Energy Commission, 
Germantown, Md. 


TABLE 1.—Description of Items Evaluated for 
Emergency Respiratory Protection 


Item Tested Description 

Handkerchief, cotton, 
man’s 

Toilet paper 

Towel, bath 


Mercerized white combed 
80X10 threads/sq. in. 

Waldorf Scottissue 

Cotton terry weave Federal Spec. 
No. DDD-T-551 B Type 2, Class D 

Pepperell Red Label (fine muslin), 
131 threads/sq. in. 

Arrow Dart 

Cotton lawn fabric, 
sq. in. 

Rondo Percale 

Barbizon Jaunty 
rayon 


fabric, 


Bed sheet, muslin 


Shirt, cotton 

Handkerchief, cotton, 
woman's 

Dress material, cotton 

Slip, rayon 


76/72 threads 


Fit, acetate and 


Aerosols 


and GEORGE T. ANTON, B.S., Frederick, Md. 


rayon slip, (7) turkish bath towel, and (8) 
toilet paper. A brief description of these 
items is given in Table 1. These items were 
evaluated on human subjects in an exposure 
chamber where a biological aerosol of harm- 
less bacterial spores was generated to sim- 
ulate an aerosol of radioactive dust. Some 
of the items were tested with use of differ- 
ent thicknesses, and some were tested after 
being saturated with water and wrung out 
by hand. 


Materials and Equipment 


Test Facility—The test chamber for human 
subjects was a room 16X9X<10 ft. On two op- 
posite sides of the test chamber were two smaller 
rooms which served as airlocks (Fig. 1). The 


TEST CHAMBER 


OCK 
3 4 


AEROSOL \ 


Fig. 1.—Test facility. 
exposure chamber was maintained under a reduced 
air pressure in relation to the airlocks in order to 
prevent escape of the test aerosol. Samplers and 
test items were placed on subjects in the airlocks 
before they entered the test chamber. 

A Binks nozzle* was utilized for introducing 
the challenge aerosol into the exposure chamber. 
The test organism used was the nonpathogenic 
spore-forming bacterium, Bacillus subtilis var. niger 
(often referred to as B. globigii). The bacterial 
spore suspension was atomized continuously during 
the test while air was being exhausted, so that a 


* Binks Manufacturing Company, Chicago, III. 
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Fig. 2.—Mouth collector sampler (assembled and 
disassembled). 


dynamic aerosol was maintained. The mass median 
diameter of particles in this aerosol was 2.14 with 
95% of the particulates between 1.0u and 5.0u. The 
aerosol concentration in the chamber was recorded 
continuously during a test by a Naval Research 
Laboratory Smoke Penetration Meter. This rec- 


+ Naval Research Laboratory, Washington, D. C. 


Fig. 3—Subject with mouth collector prior to 
placing test item over nose and mouth. 


ord enabled the test operator to maintain a constant 
cloud concentration throughout the test period. 

Subjects —Five men ranging in age from 20 to 
23 years participated in this test program on a 
voluntary basis. All were familiarized with the 
background of the test program, and they were 
well aware of the necessity of exercising care to 
effect a good peripheral seal while holding the 
respective test items over the nose and mouth. 

A mouth collector * designed for mask evaluation 
was used to collect the spores penetrating the test 
items. The sampler apparatus consisted of a rubber 
mouthpiece which contained a metal cartridge 
packed with absorbent cotton to a standard resis- 
tance (Fig. 2), This mouth collector barely protruded 
beyond the subject’s lips (Fig. 3). Respira- 
tory protective items to be tested were placed over 
the collector (Fig. 4). Previous experience had 
shown that the mouth collector gave a minimum 
of interference with the evaluation of test items. 
The efficiency of this sampler for the collection of 
the test aerosol was 83.3%. Consequently, a cor- 
rection factor of 1.2 was employed to determine the 
total number of spores penetrating the test item. 
Each subject inhaled through his mouth and ex- 
haled through his nose so that only the inspiratory 
air would be sampled by the mouth collector. 


Fig. 4—Subject holding test item in place. 
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Test Plan 


The respiratory protective expedients tested pos- 
sessed no mechanical means such as a harness or 
strap to maintain an effective peripheral seal; 
therefore, the adequacy of each peripheral seal was 
dependent upon the care taken by the subject. 
Experience in designing tests utilizing human sub- 
jects indicated that a minimum of 30 replicate ob- 
servations was necessary for each item evaluated. 
The test plan was formulated so that the results of 
this evaluation would be statistically valid. 


Procedure 


Four subjects were employed in each test. Aiter 
donning a clean set of clothing including slippers 
and caps, the subjects entered Airlock 1, where 
the mouth collector sampler was fitted into the 
subject’s mouth. Immediately after this, the test 
item was placed over the mouth collector sampler 
and held in place by the subject in such a manner 
as to minimize peripheral leakage. The subjects 
entered Airlock 2, where they remained for 15 
seconds, and then entered the test chamber con- 
taining the B. subtilis var. niger aerosol. They 
were seated in the chamber for a five-minute ex- 
posure to the challenge aerosol and then returned 
to Airlock 2 and remained there for three minutes, 
until the aerosol had been flushed away by incom- 
ing clean air. After this, they entered Airlock 1, 
where the test items were released and the cotton 
was aseptically removed from the mouth collector 
cartridge and placed in a bottle of sterile water. 


No. 
Thicknesses 


Resistance,* 
Mm. 


Item 


Handkerchief, cotton, man’s... 16 36 
Handkerchief, cotton, man’s... 18 
Handkerchief, cotton, man’s... Crumpled 
Bed sheet, muslin.................. 1 22 
1 (wet) 3 


Shirt, cotton ; 1 (wet) 


Handkerchief, cotton, woman’s-. 4 (wet) 
Handkerchief, cotton, man’s_.__._- 1 (wet) 98 ¢ 
Dress material, cotton.............. 1 (wet) 180 ¢ 
Handkerchief, cotton, woman’s-- 4 2 
1 6 
Dress material, cotton._...........-. 1 5 
Shirt, cotton m 1 3 
Handkerchief, cotton, man’s. 1 


TABLE 2.—Respiratory Protection Provided by Common Household and Personal Items 
(Aerosols of 1-5 Microns P. 


A continuous sample of the challenge aerosol 
was taken during the test period in order that the 
average cloud concentration might be determined. 
The number of spores collected by the cotton was 
determined by use of standard bacteriological plat- 
ing procedures. The per cent efficiency of each 
item tested was calculated on the basis of an as- 
sumed breathing rate of 10 liters per minute. This 
rate has been previously determined* to be a sat- 
isfactory mean value for persons breathing under 
sedentary conditions. 


Results and Comment 


The results given in Table 2 show that 
five of the items evaluated have a filtration 
efficiency greater than 85%. They are 
(1) man’s cotton handkerchief—16 layers 
(94.2%), (2) toilet paper—3 layers 
(91.4%), (3) man’s cotton handkerchief— 
8 layers (88.9%), (4) man’s cotton hand- 
kerchief—crumpled (88.1%), and (5) bath 
towel—2 layers (85.1%). The range of the 
confidence limits (Table 2) of these results 
is very narrow. This indicates considerable 
reliability of the geometric mean efficiencies 
obtained under the test conditions. 

An important factor to consider in de- 
ciding which of these items would be su- 
perior for use as a respiratory protective 
expedient is the resistance to breathing of- 


article Size) 


95% Conf. Limits for Mean 
Geom. Mean 


No. Observ. Eff., % Lower % 


32 94.2 92.6 95.5 
32 91.4 89.8 92.8 
32 88.9 85.5 91.6 

2 88.1 85.1 90.5 
32 85.1 83.3 86.8 
30 73.9 70.7 76.8 
32 72.0 68.8 74.9 
31 70.2 68.0 72.3 
15 65.9 57.9 72.3 
30 65.5 60.8 69.6 
32 63.0 57.3 7.9 
30 62.6 57.0 67.5 
31 56.3 49.6 62.0 
32 55.5 52.2 58.7 
32 50.0 46.2 53.6 
31 47.6 41.4 53.2 
32 34.6 29.0 39.9 


* At volumetric flow of 10 liters per minute through 12.5 cm.? area. 


+ Resistance obtained when checked immediately after hand-wringing. This resistance began to decrease after about one minute, 


when the material started to dry. 


Guyton et al. 
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fered by each. These data are also included 
in Table 2. A search of the literature re- 
vealed that there was very little information 
available as to the maximum resistance 
adults or children can tolerate over a given 
period of time. It is known that most respir- 
atory protective masks are designed to have 
a resistance to breathing of approximately 
10 mm. of water at an air flow rate of 
10 liters per minute. However, it has. been 
the experience of this laboratory that the 
average healthy man can breathe normally 
if subjected for an indefinite period to a 
two- to threefold increase in the above de- 
sign criterion. Although no data are avail- 
able, it is doubtful that women and children 
could tolerate a resistance greater than about 
20 mm. of water for an indefinite period. 

A phase of this evaluation consisted of 
asking the subjects if the item under test 
exhibited too great a resistance for normal 
breathing. Based on past experience as well 
as the unanimous agreement of the sub- 
jects, it can be concluded that items with 
a resistance of 36 mm. of water or greater 
would be limited in their use as respiratory 
protective items. 

In view of the above criterion, the 36 
mm, resistance of the man’s handkerchief 
(16-layer) would limit the use of this item 
as an expedient. No resistance data were 
obtained for the man’s _ handkerchief 
(crumpled) because of its obvious variabil- 
ity. However, it was assumed that the 
resistance approximated that of the 16-layer 
handkerchief, since the subjects felt that 
both items had similar resistance. There 
were divided opinions among the subjects 
concerning the possible use of the muslin 
bed sheet which had a resistance of 22 mm. 
A three-layer thickness of toilet paper ex- 
hibited the highest filtration efficiency of 
those items whose resistance was less than 
20 mm. Accumulated moisture from the 
breath could cause this material to tear 
easily which would preclude its use for any 
prolonged period of time. The two remain- 
ing items, bath towel—2 layers, and man’s 
handkerchief—8 layers, did not appear to 
have any limitations. 


12/94 


Aerosol filtration efficiency tests of wet 
versus dry cloth materials were performed. 
All cloth items were evaluated after they 
had been saturated with water and then 
hand-wrung. However, the muslin bed sheet 
and rayon slip were not evaluated, since 
they exhibited intolerable resistance to hu- 
man breathing. Two of the remaining five 
wet items, woman’s handkerchief (four lay- 
ers) and cotton dress material (one layer) 
showed a slight increase in filtration effici- 
ency. The filtration efficiency of both the 
cotton shirt material (one layer) and the 
man’s handkerchief (one layer) increased 
about twofold. The other item tested after 
wetting, bath towel (one layer), gave slightly 
less protection when wet than when dry. 
This difference, however, is not statistically 
significant. The results demonstrate that the 
protection provided by the best of the five 
wet-cloth items, the bath towel (70.2%), 
is still inferior to that of seven other dry 
items. The resistance to breathing exhibited 
by these wet items, with the exception of 
the bath towel, was extremely high. In gen- 
eral, therefore, the use of such wet items 
as respiratory protective expedients is not 
practical. 


Summary 


Eighteen variations of eight household 
and personal items were evaluated with use 
of human subjects to determine their po- 
tential utilization as emergency respiratory 
protection expedients in the event of a 
radiological or biological attack. 

Five variations of these items have a fil- 
tration efficiency greater than 85%. They 
are man’s cotton handkerchief folded to a 
thickness of 16 layers, folded to a thickness 
of 8 layers, or placed over the mouth in a 
crumpled state; a commercially available 
toilet paper, when used in a thickness of 
three sheets; a bath towel, when folded in 
two layers. However, the high resistance 
of the handkerchief when folded to give 16 
layers and when crumpled limits the usage 
of these two variations to short intervals of 
time. 
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In order to determine if wet items were 
superior to dry items, five of the cloth ma- 
terials were evaluated after being saturated 
with water and subsequently hand-wrung. 
The most efficient of these items was found 
to be the bath towel (70.2%). This result 
is less than that obtained for seven dry 
items. Four of the five wet items exhibited 
extremely high resistance to breathing. 
Therefore, the use of wet items as’ respir- 
atory protective expedients appears imprac- 
tical. 

Joseph A. Milo Jr., HM1, and James D. Lewis, 
HM1, U. S. Naval Unit, Fort Detrick, served as 
technical assistants during this evaluation. 


Guyton et al. 


Biological Warfare Laboratories, Fort Detrick, 
Md. 
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Oxygen Consumption of Male Indian Jute Workers 


A. SEN GUPTA, M.D., Calcutta, India; B. G. FERRIS Jr., M.D., Boston, and M. N. RAO, M.D., Calcutta, India 


Introduction 


Data on the metabolic cost of various 
jobs in industry are scanty. Most data have 
been obtained by Scandinavian and German 
workers whose studies have been concerned 
with heavy work for the purpose of defin- 
ing food requirements! (particularly in 
connection with the rationing of food on 
account of war or economic stringency) 
or with a view to the selection of men 
capable of performing the harder jobs. 
Other data* on a variety of activities have 
shown that the metabolic levels vary greatly 
during a working day and that the total 
daily requirement cannot be estimated from 
data obtained during peak work periods. 

The present study is thought to be of 
interest, since it deals with light to moderate 
work of an irregular nature of the kind 
most commonly found in industry. Fur- 
thermore, it was done in India and permits 
comparing these results with similar data 
from industries in other countries. 


Methods 


Male Indian workers, Hindus and Moslems, 
were studied doing various jobs in the processing 
of jute at a mill in West Bengal, southwest of 
Calcutta. Forty-six subjects were selected at ran- 
dom from workers who appeared to be healthy 
on physical examination and inspection of health 
records. They were also selected to provide a 
variety of ages and to represent different jobs in 
the mill. The age, height, and weight of each 
subject were recorded; the body surface area was 
obtained from a Dubois nomogram; the pulse and, 
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in most instances, blood pressure were taken prior 
to the start of an expired-air collection. One col- 
lection was made on each subject as follows: 

Ambient air was inspired through a mouthpiece 
with valves attached, the assembly being held in 
place by elastic strapping around the head. The 
expired air was collected in a Douglas bag, first 
during a five-minute washing-out period and then 
for eight minutes for what was intended to be a 
representative sample. Haldane analyses were done 
in duplicate on an aliquot of this sample, and the 
total amount was measured by passing the whole 
sample through a gas meter. Only those analyses 
in which the duplicates agreed within 0.04 vol. % 
were accepted. The ambient temperature and pres- 
sures were recorded, and the oxygen consumption, 
carbon dioxide excretion, and respiratory exchange 
ratio were calculated. 


The study lasted over an 1l-month period from 
September to August of the following year, since 
only two subjects could be studied each week. 

Description of Manufacturing Process—The 
fibrous portion of the plant after removal from 
the stalk is brought to the mill in 400+ Ib. bales. 
The stockptilers pile these bales in storehouses and 
do intermittent heavy work lifting and rolling the 
bales around by hand. The hackler feeds jute into 
the machine by hand at a constant rate as deter- 
mined by weight. Water-oil emulsion is added 
at this stage to make the jute fiber more manage- 
able. The jute then passes through softeners and 
carders, which continue the blending and aligning 
processes. Card tenders and softeners operate these 
machines. Their work tends to be sporadic and 
consists either of watching the machine or starting 
the jute blend into the machines. At all times they 
are on their feet. The recetvers work between the 
softeners and carders moving fiber cans filled with 
jute sliver varying distances. The weights of these 
cans vary somewhat but average about 50 Ib. 
Again the irregular character of the work must be 
emphasized. After carding, the jute sliver is 
passed through a series of two drawing frames, a 
process which continues the parallelization of the 
fibers. The doffers work in this phase and remove 
the filled bobbins from the roving frame, replace 
them with new ones, and restart the rove onto the 
bobbins. The doffers walk up and down beside the 
roving frames to detect when the bobbins should be 
exchanged. 
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TABLE 1.—Individual Data on Jute Workers at Various Jute-Processing Jobs 


No. 


Sack sewer 


Spinners 
1 


50 
30 
30 
30 
34 
30 
30 
30 
36 
27 
23 
27 
38 
45 
25 
45 
26 


Softener 


BRSREE 


22 
35 
30 


Blood 
Pressure, 
Syst/Diast., 
Mm. Hg 


100/70 
128/80 
140/100 
128/88 
128/90 


110/90 
110/70 


O; 
Consump., 
STPD, 
Ce/Min. 


Resp. Min. Vol., 
Rate/ BTPS,* 
Min. LPM 


Expired Air, % 


* Body temperature, pressure, saturated. 
+ Respiratory exchange ratio. 
¢ Standard temperature, pressure, dry. 
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Yr. M? Min. co; O: Rt 
Bede anacsaaees 1.44 106 116/76 18 9.01 3.88 16.46 0.84 382 
Dieeceicerpsemanee 1.35 104 94/66 26 9.10 3.22 16.86 0.75 367 7 
1.19 100 98/72 25 4.39 3.88 16.36 0.82 193 2 
1.57 92 90/64 23 8.24 3.56 16.97 0.88 319 
1.59 108 104/74 5.65 3.37 17.16 0.87 202 
ee 1.55 80 118/88 - 12.41 3.44 17.11 0.88 455 
1.40 64 104/64 - 10.86 3.23 17.30 0.86 377 ae 
1.50 80 170/120 14.65 3.67 16.67 0.83 601 : 
1.47 70 120/80 12.29 2.77 17.72 0.83 385 
1.40 72 102/60 12.85 3.53 16.96 0.86 490 : 
Hackler 4 
1.36 82 12.13 3.58 16.65 0.80 490 
1.48 72 11.61 3.80 16.41 0.81 500 
Weaver 
1.50 70 100/70 12.42 2.94 17.13 0.73 484 
1.51 82 100/70 13.71 3.42 16.67 0.76 591 
1.37 82 120/80 21.97 2.53 18.54 1.07 490 
1.61 65 110/70 -- 13.62 3.46 16.87 0.82 530 
er ee 1.49 76 130/88 - 14.28 3.48 16.98 0.86 538 i 
: Doffer 
1.63 70 108/80 - 11.55 3.49 16.80 0.81 465 
dev 1.62 74 108/72 11.84 3.07 17.36 0.83 412 
1.56 68 110/98 25.48 2.24 18.30 0.82 652 
ee x 1.44 80 140/85 8.23 3.98 16.05 0.78 394 =e 
1.61 90 130/90 17.69 3.69 16.42 0.78 788 
1.64 62 108/78 - 17.32 3.25 17.10 0.82 652 
eR A 1.45 76 100/76 12.88 3.96 16.46 0.86 549 : 
1.62 100 126/78 13.65 3.91 16.40 0.83 597 
1.45 110/80 12.62 3.84 16.47 0.86 539 
1.51 9 11.26 3.67 16.36 0.76 501 
Winder 
ee ees eS 1.63 72 110/80 - 10.28 3.67 16.79 0.86 412 
1.50 124/84 11.16 3.95 16.43 0.85 485 
Disicvdcanecbatecdend 23 1.63 78 114/78 - 20.28 3.41 17.33 0.94 687 : 
1.53 120/80 16.55 3.33 17.23 0.88 573 
1.48 54 100/60 15.05 3.31 17.18 0.88 527 
es ee 1.49 58 120/80 - 25.04 2.58 18.24 0.95 669 
19 1.48 72 120/80 13.81 3.53 16.74 0.81 550 
Receiver 
ee 1.52 79 - 13.95 4.71 16.04 0.95 636 a 
35 1.46 12.67 3.28 16.62 0.72 530 
4 45 1.44 108 11.55 3.74 16.56 0.82 481 
32 1.45 96 - 14.95 4.06 16.29 0.85 654 
Card tender 
25 1.44 82 18.80 4.00 16.78 0.96 712 
1.49 62 20.42 3.50 17.24 0.94 683 
26 1.40 90 17.57 4.14 16.99 1.07 616 
30 141 72 19.02 3.46 17.12 0.89 674 
25 1.44 78 18.63 4.72 15.63 0.87 905 
Stock piler 
1.31 88 | 31.79 3.60 16.80 0.84 1,240 
1.33 85 29.66 3.72 16.66 0.84 1,175 
1.51 90 22.52 3.32 16.51 0.71 942 
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From the drawing frames the jute sliver is spun 
by spinning machines tended by spinners. These 
workers stand and watch the spinning machines. 
They repair breaks in the sliver or yarn when 
they occur. The spinners also replace the empty 
cans with full ones and restart the jute into the 
spinning machines. The spools when filled are 
replaced with empty ones. The spinner’s work is 
light and intermittently moderate. 

The yarn so spun on spools is used to weave the 
final product. The weaver’s job is a standing one; 
usually one man operates one loom. He reties the 
broken ends of the yarn and replaces shuttles 
when emptied; some of the spools are treated and 
rewound in winding machines to make twine. The 
winders who operate these machines have light 
work. The sack sewers have the lightest of all 
work, since they work sitting down. They sew 
and hem heavy sacking to make bags. Their work 
is fairly constant but at a low level. 


Results and Comment 


The individual results are presented in 
Table 1, and the mean oxygen consumptions 
and standard deviations for the various 
types of jobs are shown in Table 2. There 
is considerable scatter from one subject to 
another, which requires some discussion. 
The possibility that it was due to error is 
unlikely both from the methods and from 
the evidence shown in the Figure that the 
oxygen consumption is related to total ven- 
tilation, as one would predict from data in 
the literature. Presumably then, this irreg- 
ularity is due either to different responses 
to the experimental situation on the part of 
the different subjects or, more likely, to the 
considerable variation in the intensity of 


TABLE 2.—Mean Oxygen Consumption Observed in 
Various Operations in Jute Processing in India 


Mean Oxygen 
Consumption, 
Ce/Min/M * 
(STPD) 


Cc/Min/M? 
(STPD) 


Z 


206 
315 
349 
349 
353 
363 
364 
392 
500 
818 


* Small numbers correction applied. 
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Relationship between minute volume and oxygen 
consumption of male Indian jute workers. 


the work at various times. If this is the 
explanation, as we believe, the individual 
figures are useful in showing the range of 
activities encountered over eight-minute pe- 
riods and the averages as approximating 
the degree of work on a whole-day basis. 

The failure to demonstrate a correlation 
between the pulse rates and oxygen con- 
sumption as has been reported* is probably 
due to the low levels or oxygen consump- 
tion where emotional and other factors 
would be dominant. The sack sewers 
showed the highest pulse rates and the 
lowest oxygen consumption. This discrep- 
ancy may in part be explained on the basis 
that their group was the first group studied 
and apprehension undoubtedly played a 
role. In addition, these persons worked in 
one of the undermill compartments which 
exposed them to less heat strain; however, 
they were studied during September, one 
of the hot humid months, and these higher 
pulse rates might be related to higher am- 
bient temperatures. 


Summary 


The oxygen consumptions of male Indian 
jute workers obtained on their jobs are 
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| 59 
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95 
21 
64 
Receiver......... 52 
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presented. The results are discussed in the 
light of the variability of work in industry. 
It is felt that additional data of this type 
would help to define the metabolic require- 
ments of different occupations and assist 
| in deciding whether a worker has the ca- 
pacity for a specific job. 

Dr. James L. Whittenberger and Dr. W. H. 
Forbes made helpful comments and criticisms. 


Harvard School of Public Health, 55 Shattuck 
St. (15) (Dr. Ferris). 
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News and Comment 


ANNOUNCEMENTS 


Courses in Occupational Medicine.—Occupational Medicine (Course 481), a full-time 
course for practicing physicians, will be given for eight weeks, from Sept. 14 through Nov. 6, 
1959, by the New York University Post-Graduate Medical School. 

The course content covers the following areas: preventive medicine, including epidemiology 
and biostatistics; administrative medicine; occupational diseases, and industrial hygiene. It is 
aimed at meeting the need for specialized training in industrial medicine. Didactic instruction 
will be supplemented with field trips to industrial plants, governmental agencies concerned with 
industrial health, and union health centers. Opportunity will be given to attend medical, sur- 
gical, and clinical-pathological conferences held in the New York University-Bellevue Medical 
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The New York University Post-Graduate Medical School also announces a part-time 
course (Course 482), Occupational Health for Physicians, to be given on Thursdays, 1:30 to 
4:30 p. m., from Sept. 17, 1959, to May 13, 1960. 

This course constitutes an intensive survey of the field of occupational health and is de- 
signed to meet the requirements of those physicians unable to take the full-time program, a 
two-month program which will run from Sept. 14 through Nov. 6, 1959. 

The weekly course is accessible to those within one to two hour’s travel of New York City. 
The curriculum will be a condensate of the two-month program. 

Conference and library facilities of the Medical Center will be available to registrants. 


For further information and applications write The Associate Dean, New York University 
Post-Graduate Medical School, 550 Ist Ave., New York 16. 
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Synergistic Effects of Aerosols 


II. Effects on Rate of Clearance from the Lung 
CHARLES W. LaBELLE, Ph.D., and HEINRICH BRIEGER, M.D., Philadelphia 


In the past, the investigation of the in- 
halation of particulates has concentrated on 
the proportion of an inhaled material de- 
posited in the lung and bronchial tree and 
on the factors that affect this proportion. 
More recently, emphasis has shifted toward 
the study of the retention of such material 
in the lung during the period subsequent 
to the exposure proper, since it appears 
that the long-range effects of inhaled par- 
ticulates are determined, in general, by their 
behavior during this early postexposure 
period. For example, Davies,’ in reviewing 
the problem of silicosis, has pointed out 
that colloidal suspensions of silica are 
highly effective in producing typical silicotic 
fibrosis when injected parenterally but that 
this does not occur after inhalation of the 
same material because it is too rapidly 
drained from the lung. Similarly, Kuschner 
et al.* were able to produce squamous-cell 
carcinomas by mechanical implantation of 
methylcholanthrene. On the other hand, 
these authors failed to produce such carci- 
nomas either by inhalation or by intra- 
tracheal injection of methylcholanthrene 
and ascribed the failure to the rapid removal 
of the agent from the lung. Healy* has 
pointed out that the calculation of body 
burden from urine analyses is seriously 
complicated by the presence of a continu- 
ously changing reservoir of undissolved ma- 
terial retained in the lung. Schepers et al.* 
have suggested that there may be a finite 
range of beryllium concentrations in the 
lung within which carcinogenesis can occur, 
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lying between a lower limit, below which 
no effect is obtained, and an upper limit, 
above which all exposed cells are killed 
outright. According to this view, the latent 
period for carcinogenesis corresponds to the 
time required for the level of beryllium 
in the lung to fall to some point between 
these critical limits. Albert and Arnett ® 
have suggested that the true carcinogenic 
exposure from the inhalation of radon 
daughter products may occur not while the 
particles are within the alveoli but rather 
in the transitory phase during which they 
pass over, and therefore expose, the ciliated 
epithelium of the bronchi during the proc- 
ess of expulsion from the lung. In each 
of these three last-mentioned instances, the 
shape of the retention curve, rather than 
the magnitude of the lung burden, is the 
important factor. 

A number of studies have accumulated 
in the literature showing the amount of 
foreign material found in the lung at vari- 
ous intervals after exposure. A representa- 
tive series of such cases has been collected 
and converted in the following manner: 
The amount of material found in the lung 
was expressed as a percentage of the 
amount present at the end of the exposure 
and plotted as a function of time in hours. 
Exponential curves were fitted to these data 
and the biological half-life (i. e., the time 
required for the elimination of one-half of 
the material) was determined. These half- 
lives are recorded in Table 1. 

In discussing the retention of particulates 
in the lung, it is customarily assumed that 
soluble materials pass rapidly into the gen- 
eral circulation and that insoluble particles 
are retained for long periods within the 
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SYNERGISTIC EFFECTS OF AEROSOLS 


TABLE 1.—Retention of Particulates in the Lung 


Half-Life 
Particulate 


Metallic iron, 4 
Methylcholanthrene 
Metallic iron, 
Mixed fission products 
Oil-soluble dye, 
Cadmium chloride mist 
Oil-soluble dye, 

Uranium 

Antimony 

Radium sulfate 


Reference 
Source No. 


Albert and Arnett, 
Albert and Arnett, 1955 

Cohn et al., 195 

Brieger and LaBelle, 1959 

Cember et al., 

Van Cleave and Kaylor, 1955. : 

Harrison et al., 

Brieger and LaBelle, 1959_..............._..-- 
Gross et al., 1955____ 

Marinelli et al. 1953 


lung. Thus, Morgan et al.,® in calculating 
maximum permissible concentrations of 
radioisotopes in air and water, distinguish 
between “soluble” and “insoluble’’ isotopes. 
Calculation of radiation dose delivered to 
the lung by an “insoluble” isotope is based 
on the assumption that the half-life in the 
lung is 120 days; whereas in the case of 
“soluble” isotopes, the transport through 
the lung to the circulation is taken to be 
essentially instantaneous, so that (on this 
assumption) no radiation dose is delivered 
to the lung at all. This is in line with the 
work of Hodge et al.,* who showed that 
the compounds of naturally occurring ura- 
nium could be divided into a soluble and an 
insoluble group and that separate toxic 
limits could be assigned to each of these 
groups without specifying particular com- 
pounds within either group. Thus, uranium 
dioxide, trioxide, and tritaoctoxide can all 
be assigned a threshold limit equal to 0.25 
mg. per cubic meter, whereas uranyl ni- 
trate, fluoride, and oxyfluoride, being 
soluble and more rapidly absorbed, are 
assigned a threshold of only 0.05 mg. per 
cubic meter. 

However, the elimination of a foreign 
agent from the lung does not always corre- 
late with the apparent solubility of the 
material. Certainly there is no evidence in 
Table 1 to support the view that soluble 
compounds as a class are eliminated from 
the lung any more rapidly than insoluble 
compounds. Of all the materials in the list, 


LaBelle—Brieger 


the one that clears most rapidly (half- 
life, one and one-half hours) is metallic iron, 
which is hardly soluble at any pH that can 
exist in the lung. On the other hand, the 
material which is retained the longest (half- 
life, 5-6 months) is beryllium sulfate, which 
is soluble in water to the extent of 42%. 
Unexpectedly, beryllium citrate, which is 
equally soluble in water, appears to clear 
from the lung 50 times as rapidly (half- 
life, 66 hours). The group of agents near 
beryllium citrate in the list is of interest in 
this connection; falling very close together 
are the values for highly soluble beryllium 
citrate, highly insoluble barium sulfate, and 
actual droplets of cadmium chloride solution 
(CdCl»s mist), all three of which are brack- 
eted in time by two sizes of water-insoluble 


TaBLe 2.—Effect of Particle Size on Retention 


Half-Life in 


Particle Size, wu Lung, Hr. 


Uranium dioxide 


on 


51 
1.5 
13 
22 
160 
30 
178 


Metallic iron 


Tagged spores t 


Insoluble dye § 


* LaBelle'*; Harper and Morton*; ¢ Albert and Arnett 
§ Brieger and LaBelle! 
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dye particles recently studied in this labora- 
tory. 

Although rate of elimination from the 
lung fails to correlate with solubility, it 
would appear to be closely related to par- 
ticle size. Table 2 compares the half-lives 
of several materials which have been ex- 
amined in the form of two or more particle- 
size fractions. The first example represents 
data from work done in 1947 by LaBelle,® 
in which eight different sizes of uranium 
dioxide particles were examined. While 
there are some minor discrepancies in the 
pattern (6, 74, and 8» results are inter- 
changed, and the 3 result is out of line), 
there is still a tendency for retention to be 
prolonged as particie size falls. The second 
set of figures compares the two sizes of 
metallic iron particles studied by Albert and 
Arnett ®; the next shows the results ob- 
tained by Harper and Morton,® who used 
tagged bacterial spores, and the last set 
shows the results obtained in this labora- 
tory with dye particles. In each case, the 
large particles clear faster, while small par- 
ticles are retained longer. Even with a 
37-fold range of particle sizes (0.3 to 
lly), there is only a 13-fold variation in 
the rate of elimination (4 hours to 51 
hours). This suggests that, although par- 
ticle size is an important factor, it can 
hardly be the only factor that is involved, 
since the half-lives recorded in Table 1 are 
distributed over a 2,000-fold range (1.5 
hours to 3,700 hours), which is many times 
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TasLe 3.—Effect of Miscellaneous Particulates On Retention in the Lung 
Means of Groups of Ten Rats) 


greater than the largest effect which could 
possibly be attributed to particle size alone. 

It has been found that another and 
hitherto unsuspected factor may be involved 
in the elimination of particulates from the 
lung. In 1957, an attempt was made to 
repeat a portion of the above-mentioned 
previous study (1947),® and it was found 
that the results, especially those for the first 
few hours, failed to match the earlier find- 
ings. Thus, when 6 particles were injected 
into rats by intratracheal injection in 1947, 
analyses made 24 hours later showed that 
only about 30% of the starting dose was 
retained in the lung, while in the 1957 series 
more than 80% of the starting dose was 
retained. This is a serious discrepancy. 

In seeking an explanation, it was realized 
that in 1947, rather large quantities (1.5 
mg.) of uranium were given to each rat 
in order that the lung might be analyzed 
by chemical methods, whereas in 1957, the 
analyses were made by counting techniques, 
and only 5yg. of uranium was given to 
each animal. This, of course, raised the 
question whether the elimination curves 
would have been alike if the animals had 
received equal weights of uranium. Un- 
fortunately, the specific radioactivity of the 
material used in 1957 prevented giving 
1,500ug. to a single animal. Instead, the 
difference between 5yg. and 1,500ug. was 
made up by giving to each animal 1,495yg. 
of the water-insoluble dye particles already 
available from the preceding experiment. 


% Radiation Dose Retained 


Particulate Used to 
Adjust Lung Burden 


Metallic aluminum. 


Orthoclase feldspar. 66 
59 


Carbon (from India ink) 


71 37 56.0 
43 50 46.5 
31 52 42 46.0 
48 40 33 418 
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{ 
L. B. 20 ug. L. B. 1500 yg. 
a P| 24 Hr. 48 Hr. 24 Hr. 48 Hr. Mean 
83 76 79.5 
51 80 75 67.2 
68 64 61 66.2 
Asbestos 61 50 68 58 59.2 
57 42 21 20 35.0 
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When this was done, the retention of radio- 
active particles in the lung after 24 hours 
was found to be only 20%, which is very 
close to the value of 30% found in 1947. 

A number of other particulates were ex- 
amined and found to produce much the 
same effect. In each case, the material 
tested was reduced to a particle size ap- 
proximately 6 and added to the activated 
uranium dioxide in amounts sufficient to 
bring the total weight of material in the 
lung up to 20ug. in one series and to 
1,500ug. in a second series. Groups of 10 
animals were killed 24 and 48 hours after 
the injection, and the residual radioactivity 
in the lung was determined by counting. 
The results are recorded in Table 3, from 
which it is evident that all these materials 
show a similar effect, at least at the higher 
doses. Of all the materials tested, carbon 
particles (obtained from India ink) ap- 
peared to be the most effective, and all sub- 
sequent experiments were made with this 
material. A series of tests was made to 
determine whether the effect exhibits a 
threshold or whether it is a continuous 
process. The standard dose of activated 
uranium containing 10,000 dpm per rat 
weighed approximately 5yg., therefore, 
this is the smallest lung burden that 
could be studied. Carbon particles were 


added to this minimum burden in increasing 
amounts up to a maximum total dose of 
15 mg. The results obtained are plotted 
in Figure 1. It can be seen that retention 
of uranium in the lung, whether measured 
at 24 or 48 hours, appears to fall steadily 
as the total weight of material in the lung 
is increased up to 1.5 mg. per rat. At doses 
above this limit, secondary effects appear in 
the lung, evidenced by changes in appear- 
ance at gross autopsy and demonstrable as 
departures from normal lung-weight to 
body-weight ratios. In the cases where this 
abnormality is observed (6 mg. and 15 mg. 
per rat), the retention curve rises. It is 
probable that this change is due to a con- 
gestive process that interferes with normal 
elimination from the lung. 

One series of rats which had received 
Sug. of uranium plus 1,495yg. of dye was 
examined in metabolism cages in which was 
collected the total output of feces excreted 
after the injection. From results obtained 
with other animals, it was estimated that 
30% of the injected dose would be elimi- 
nated from the lung; in the actual experi- 
ment, a total of 23.2% of the injected dye 
and 18.4% of the injected uranium was 
recovered from the feces. This appears to 
show that all or nearly all of the material 
eliminated from the lung is transported to 
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lung burden, Circles rep- 
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the gastrointestinal tract and excreted in the 
feces and also that equal fractions of 
the two components are eliminated by this 
route, even though they have very different 
chemical properties and are present in very 
different amounts. 

If this is true, the mechanism by which 
this material is eliminated must be (a) 
capable of moving particulates from the 
alveolus to the esophagus and (b) a mecha- 
nism that deals with foreign materials 
simply as physical particles without respect 
to chemical composition. Of the various 
available mechanisms, phagocytosis, with 
subsequent passage up the bronchial tree, 
seems to be the only one that meets these 
conditions. 

To test this possibility, a further series 
of rats was prepared using the same doses 
of uranium and of dye which are shown 
in Figure 1. Lung sections were prepared 
and the number of phagocytes visible in a 
unit area of section (and therefore the 
number in a unit volume of lung) was 
determined. For each experimental or con- 
trol rat a midsagittal section of lung fixed 
in Bouin’s fixative and stained with tri- 
chrome stain was taken. Oil-immersion 
fields totaling 30% of the section and se- 
lected by means of a table of random num- 
bers were examined. The cell population 
was classified as follows: histiocytes, histio- 
cytic derivatives, and monocytes. Where 
India ink or other particulate matter was 
intratracheally injected, each cell type was 
further classified with respect to presence 
or absence of intracellular particles. The 
number of cells of each type was divided 
by the total number of cells counted in order 
to obtain a percentage distribution. 

The relation between the percentage of 
the dose eliminated from the lung (in the 
first series of rats) and the number of 
phagocytes visible per unit area (in the 
second series of rats) is shown in Figure 2. 
It is of some interest that these data ap- 
proximate reasonably well to a logarithmic 
trend line, although the difficulty of corre- 
lating data obtained from two different 
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Fig. 2—Clearance of particles from the lung 
as a function of the number of phagocytic cells 
visible per unit area of section. The clearance of 
particles from the lung is related logarithmically 
to phagocyte frequency (trend line is logarithmic). 


sets of animals is sufficiently great to re- 
quire further investigation before this 
apparent relationship can be accepted. 


Conclusions 


1. The rates at which inhaled foreign 
particulates are eliminated from the lung 
after exposure differ widely, the extreme 
values for the half-life in the lung being 
one hour for metallic iron particles and 
five and one-quarter months for beryllium 
sulfate. A part but not all of this variation 
is associated with differences in particle 
size, large particles, in general, being ex- 
pelled more rapidly than small particles. 

2. Particulates reaching the lung in very 
small amounts may be retained in the lung 
for unexpectedly long periods. This would 
likely be true of the particulates present in 
the general atmosphere as a result of smog 
or fall-out. Predictions as to the effect of 
smog or fall-out which are based on anal- 
ogies with industrial experience may be 
misleading, since industrial dust levels are 
commonly adequate to stimulate elimination 
by phagocyte production. 

3. The simultaneous administration of 
inert dust can accelerate the expulsion of 
biologically active particles from the lung 
when the latter are present in very small 
amounts. The greater lung burden increases 
the release of phagocytes. 
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4. Accidental exposures to highly nox- 
ious particulates (e. g., radium sulfate aero- 
sol) have occurred in the past and doubtless 
will occur in the future. More or less ef- 
fective decontamination procedures have 
been developed both for internal and for 
external depots with the exception of the 
lung itself, where the hazard of such depo- 
sition is perhaps the greatest. It is at least 
conceivable that the synergistic stimulation 
of phagocytes by inert particles might per- 
mit therapeutic decontamination of the 
lung. 


Dr. James W. Goddard performed the histologic 
examinations. 


1025 Walnut St. (7) (Dr. Brieger). 
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Introduction 


Late in 1954, the Commander, Submarine 
Force, U. S. Atlantic Fleet, convened a 
committee to study the entire subject of 
rescue and escape from submarines and the 
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Submarine Escape Training Experience 


Summary of Twenty-Five-Year Period, July, 1929-December, 1954 
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TaBLe 1.—Number and Kinds of Escapes and Associated Casualties 


design, equipage, and operation of subma- 
rine rescue vessels. A branch of this group, 
the Subcommittee on Individual Escape, 
analyzed the experience in submarine escape 
training at the Escape Training Tank, U. S. 
Naval Submarine Base, New London, 
Conn., for the 25%-year period, July, 1929, 
through December, 1954, and prepared the 
report which follows.* 

During this extended period, two methods 
of escape were taught. The first and re- 

* This report, in slightly different format, was 
issued as U. S. Naval Medical Research Labora- 
tory Report No. 264, Vol. XIV, No. 4, May 12, 


1955, under Bureau of Medicine and Surgery Re- 
search Project NM 002 015.08.03. 


Escapes 


Casualties 


Fiscal Year Total 8. E. A. Free 


July to Dec. 1954 


1930-1954 


Total 8. E. A. Free Other 
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Zl 1930 1,299 1,299 3 3 
4 1931 1,138 1,138 
1932 950 950 
1933 955 955 
1934 472 472 
1935 622 622 1 1 
1936 719 719 
1937 1,555 1,555 
3 1938 1,445 1,445 
= 1939 1,713 1,713 1 1 
Sa 1940 3,831 3,831 
a 1941 8,257 8,257 
1942 16,359 16,359 
val 1943 26,970 26,970 1 1 
4 1944 3,021 3,021 2 1 1 
a 1945 3,231 3,231 1 1 
OM 1946 2,094 1,649 445 
eS 1947 7,022 6,618 404 1 1 
Ne 1948 8,698 8,431 267 1 1 
ig 1949 7,480 6,987 493 
mi 1950 19,718 16,335 3,383 
i 1951 25,559 19,158 6,401 7 1 3 3 
Y 1952 16,686 15,739 947 2 2 
g 1953 6,353 5,568 785 6 1 4 1 
ey 1954 13,731 12,866 865 5 1 4 
a 9,158 8,322 836 1 1 
ue a 189,036 174,210 14,826 32 8 12 12 
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quired method was by use of the rebreath- 
ing apparatus known as the “Momsen 
Lung,” or submarine escape appliance 
(S. E. A.). Later, beginning in 1945, free 
ascent was taught. This method depends 
on the escapee’s own buoyancy bringing 
him to the surface. During the ascent he 
must control his rate of exhalation so that 
it is not too fast (if so, it would destroy 
his positive buoyancy) or too slow (his 
lungs would then be distended due to ele- 
vated pressure and he would be in danger 
of air embolism). 


Results 


Analysis of the data is presented here 
in the following forms: 

Table 1 gives the raw data concerning 
the number and kinds of escapes and the 
number of casualties associated with each 
escape method by fiscal years (July 1, 1929- 
June 30, 1930=FY 1930). An extra 
column headed “other” appears under 
casualties. This includes those casualties 
which occurred at the Submarine Escape 
Training Tank installation which bore no 
direct relation to the training program or 
to the water phase of the training. 

The Appendix is a collection of abstracts 
describing the circumstances surrounding 
each casualty. 

Table 2 presents the incidence and inci- 
dence rates of various kinds of casualties 


TABLE 2.—Escape Training Program at Escape 
Training Tank, Submarine Base, New London, 
Conn. July, 1929, through December, 

1954 (25% years) 


No. escapes: 
Made without apparatus (‘‘free’’)_._._._..._--- 14,826 
189,036 
Casualties 
Rate/ Fatalities/ 
10,000 10,000 
Type No. Escapes Escapes 
Not directly related to escape 
Related to pressure test.......... 7 
Related to water phase of escapes 
22 
8. E. A. casualties: Ss 0.46 0.057 
(Air embolism — 7, 1 fatal) 
(Emphysema — 1) 
Free escape casualties: 4 9.0 1.35 


(Air embolism — 8, 2 fatal) 
(Emphysema — 2) 
(Decomp. sickness — 3) 
(Aerotitis — 1) 


associated with the escape training program. 

In Table 3 the number of each variety 
of casualty associated with the various 
phases and kinds of training is presented, 
together with a numerical cross index to 
the case abstract in the Appendix. 

A copy of the treatment tables referred 
to in the abstracts is shown in the Figure, 
as published in Van Der Aue., Duffner, and 


TaBLe 3.—Escape Training Casualties Classified as to Type of Casualty, Type of Escape, 
Depth at Which Detected, (Cross Referenced to Case Abstracts in Appendix) 


Air 
Total Embolism 


8. E. A. escapes: 


Total s 7 
Surface Nos. 1-3, 5, 7 
Above 50 ft. Nos. 4,* 26 
Below 50 ft. 

Free escape: 
Total 14 8 
Surface Nos. 10, 13, 16, 
19,* 21 * 
Above 50 ft. Nos. 15, 254 
Below 50 ft. No. ll 
Recompression chamber: 7 Nos. 9, 28 
Other 3 


Decompression 
Emphysema Sickness Other 

1 
No. 12 

2 3 1 
No. 244 Nos. 6, +17, +22 No. 27 
No. 20 
Nos. 8, 32 No. 14+ Nos. 23, 31 


Nos. 18,4 30+ No. 29+ 


* Indicates fatalities; +, instructors; A, associated with training in use of self-contained underwater breathing apparatus. 


Peirano et al. 
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DESCEND 
min. 


~BENDS -PAIN ONLY 


SERIOUS SYMPTOMS 


Pain relieved at 
depths LESS THAN 


Pain relieved oat 
depths GREATER 


improve within 30 min. 
ot 165 ft. the case is 
probably noi bends. 

Decompress on Table 


5. Dizziness 


or “chokes”. 


Serious symptoms include any 
one of the following. 


66 ft. THAN 66 ft. 1. Unconsciousness 
2. Convulsions 
Use‘table 1A if Use table 2 A if 3. Weakness or inability to use 
ASCENO’ O2 is not available O2 is not. available arms and legs. 
tween stops If pain does not 4 Any visual disturbonces 


6. Loss of speech or hearing. 
7. Severe shortness of breath 


2 or2 a Symptoms RE- Symptoms NOT 
LIEVED within RELIEVED within 
30 min. at 165 ft. | 30 min. at 165 ff. 
Use table 3 Use table 4 
TIME_IN MINUTES UNLESS OTHERWISE INDICATED | 
bs.j Ft. |Table | {Table Table 2 |Table2A/Table 3 |Table 4 
41165 3O0(Air)|30 (Air) | 30 (Air) 30 toi20@ir)} 
12 (Air) {12 (Air) (Air) 30 _ (Air) 
4120 12 (Air) }12 Air) (Air) (Air) 
445)i100| 30(Air) | 30 (Air)| 12 [12 (Air) |12 (Air) 30 (Air) 
5.6] 80 | 12 (Air) | 12 (Air) | 12 (Air) |t2 (Air) [12 (Air) 30 (Ain 
6.7160 | 30 (O2)| 30(Air) | 30 (O2)/ 30(Ai) [30 (02 or Aid| Ghrs. (Air) 
2.3150 | 30(O2)/ [30 (O2)| [30 (02 or Aid| Ghrs. (Air) 
178 |40130 (O2)| | 30 (O2)| Air) 30( O2 orAir)/6 hrs.(Air) 
13.4/30 T 6O0(Ain | 60(O2)| 12 hrs. (ir) First 11 hrs. air 
Thenthr Oeor AIR 
8.9 120] 5 (02) | 6 O(Air) Zhrsqair)} 2 hrs.Gir) the AIR 
45 |10 S Oz) |4hrs@inj2 hrs Gir) 
SURFACE] - Imin(air)} | min (air) min (O2) 


if symptoms return DURING treatment recompress to depth of relief but never less than 
a depth of 30 ft. and complete decompression from this depth: according to table 4. 

if dizziness, nouseo,musculor twitching or blurring of vision occurs while breathing oxygen 
remove mask and proceeg os follows: (a)if using table!, complete remaining stops of table 
lA; (b)if using table 2, complete remaining stops of 2A; (c)if using table3,complete re- 
maining stops of table 3 breathing air. At the discretion of the Medical Officer 
oaygen breathing may be resumed at the 40 and 30 foot stops ‘for a total of 90 minutes 
it using toble 1 or 3 and 150 minutes if using table2. 


Treatment of caisson disease and air embolism. Reproduced with permission from Van Der 
Aue, Duffner, and Behnke.* 


Comment time there has been an honest effort by 
many people to record what was done and 
what was observed. The methods described 
and discussed herein are no longer the 
method that is taught. In late 1956, a 
change was made to the buoyant-assisted- 
ascent method. In this method the escapee 
uses his inflated life jacket (or any other 
buoyant object) to provide the buoyant 
The life jacket is provided with 
spring-loaded relief valves to avoid its rup- 


The records of the Escape Training Tank 
at New London, Conn., appeared to be the 
most complete and best kept of any avail- 
able to us. Obviously, we have not been 
observers for this period of over 25 years. 
Nor has the method of training been con- 
sistently the same. On the contrary, there 
has been an ever-changing group of instruc- 
tors and a steady evolution of training 
procedures. However, through all this 
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ture by expanding air during the ascent. 
Breath control is very different and appar- 
ently simpler for the trainee in this method. 
It has been described succinctly as the 
“blow-and-go” method. It remains for 
others to report the experience of this train- 
ing program at some later date. 

During the 25'%-year period covered by 
this review, a total of 189,030 escapes were 
made by trainees. Of these, 174,210 es- 
capes were made using the submarine escape 
appliance (S. E. A.). A total of 14,826 
free ascents were made after this training 
was put in routine use in 1945. During this 
same period, 32 casualties were recorded. 
It is believed this is a complete list of all 
cases of barotrauma of any clinical signifi- 
cance. 

There were three casualties involving in- 
structors at the Tank which are not con- 
sidered to be related to the escape training 
program. Two of these were cases of de- 
compression sickness resulting from (1) 
lack of appreciation of the amount of time 
spent working under pressure (Case 18) 
and (2) the importance of cumulative ef- 
fects of repeated short deep skin dives 
(Case 30). The third is most interesting in 
that it appears to be a bona fide case of 
internal squeeze, that is, lung capacity 
compressed until lung tissue was damaged 
(Case 29). 

There were seven casualties in the recom- 
pression chamber. One of these (Case 14) 
occurred in an instructor who was in the 
chamber tending a possible casualty who 
was being given a diagnostic trial recom- 
pression. This instructor became ill be- 
cause his previous exposure to compressed 
air during the day’s training (approxi- 
mately eight hours) was not considered 
when he was decompressed after exposure 
in the chamber. The remaining six casual- 
ties were related to the 50 p. s. i. g. (pounds 
per square inch gauge) pressure test given 
all trainees before they proceed to the water 
phase of the training. Although these are 
casualties resulting from the training pro- 
gram, they are not related to “escapes” 


Petrano et al. 


made in the water in the practical part 
(water phase) of the training. No attempt 
has been made to consider the occasional 
case of claustrophobia that appears during 
the recompression-chamber phase of train- 
ing nor of the cases of inability to equalize 
pressure which causes varying degrees of 
trauma to the ear drums. Experience com- 
piled on this latter condition indicates an 
incidence varying from 0% to 5% at vari- 
ous periods of the year and with various 
classes of trainees. The vast majority of 
such failures are noted and “locked out” 
of the chamber before a pressure exceeding 
10 p. s. i. g. has been applied (equivalent 
to a depth of 20 ft. in sea water). Any 
damage that results is temporary and 
occurs only because the man fails to follow 
instructions.” 

There were eight casualties associated 
with “escapes” using the submarine escape 
appliance (S. E. A.). Seven of these were 
cases of air embolism, only two of them 
being detected while the trainee was still in 
the water making his ascent. One of these 
two was the only fatal accident associated 
with training in the use of the S. E. A. at 
New London, Conn. It occurred in 1934. 
There was one case of subcutaneous em- 
physema of the neck. 

Fourteen casualties occurred as a result 
of the free-ascent training program. Two 
of these were instructors who developed 
decompression after extended 
exposures to compressed air during free- 


sickness 


ascent training sessions, so they are con- 
sidered to be associated casualties but not 
casualties of the method. There were eight 
cases of air embolism, two of them fatal. 
Neither of the two fatal cases was detected 
as behaving improperly while making their 
“escape.”” They were recognized as casual- 
ties only after they reached the surface. 
There were two cases of emphysema, one 
case of aerotitis, and one case of decom- 
pression sickness. In this last case the 
exposure was one free ascent made from 
50 ft. and an estimated 23 minutes under 
pressure at 110 ft. followed by a free 


27/109 


a 
3 


A. M. A. ARCHIVES OF INDUSTRIAL HEALTH 


ascent. This gives an indication of the 
necessity for precise, rapid execution of the 
escape if a mass escape is to be made from 
any depth through the after torpedo room 
hatch. 


Conclusions 


It appears that the fatality rate for free 
ascent by the method that has been taught 
is 8.5 times the fatality rate for escapes 
using the S. E. A. The casualty rate for 
free ascent made is slightly over 17 times 
the casualty rate for escapes made using 
the S. E. A. Some may object to drawing 
comparisons between the two groups on 
the basis that one is approximately 10 times 
as large as the other. However, these are 
the only data available. 

One might expect that during a mobiliza- 
tion period control over training might be 
relaxed and safety measures somewhat 
slighted. The data do not reflect this. It 
is interesting that during the period July 1, 
1939, through June 30, 1943 (World War 
Il), there were 55,417 “escapes” made 
with use of S. E. A., and only one casualty 
occurred. This casualty was a case of de- 
compression sickness in an instructor who 
Was overexposed to pressure. It had noth- 
ing to do with the safety of the trainees. 

Any method that will permit making 
174,210 “escapes” with only 8 casualties 
directly related to the method and only 1 
of these fatal has a safety record that is 
difficult to overlook or discard. However, 
some form of free ascent should be taught 
also, since it is the way a man can save 
himself when he has no appliance. It is 
also the means whereby an_ underwater 
swimmer using a breathing apparatus may 
save his life if his equipment fails. Efforts 
to improve safety in free ascent should 
continue. 


c/o Bureau -of Medicine and Surgery, Navy 
Department, Washington, D. C. (Cmdr. Alvis). 
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Appendix 
Case History Abstracts of the Thirty-Two 
Casualties at the Escape Training Tank, New 
London, Conn., July, 1929, to December, 1954:* 


Case 1 (Probable Air Embolism) Year: 1930.— 
Exact date of casualty unknown, year 1930 within 
five-month period of commissioning of Escape 
Training Tank on Aug. 20, 1930. 

Type of Ascent: S. E. A. from 50 ft. 

Casualty Detected: One to three minutes after 
man reached the surface and collapsed in an 
unconscious state. 

Clinical Symptoms: Radial pulse absent; heart 
slow; body and extremities cold; muscles rigid; 
pupils dilated but reacted to light; respirations 
shallow and rapid, 20-30 per minute. 

Treatment and Results: Recompression chamber. 
Patient revived at 10 lb. pressure and body warmed 
up; 15 lb., patient completely normal. Stimulants 
administered and pressure reduced to 5 lb. for 
three minutes, then released entirely. Results of 
treatment satisfactory. Patient was kept under 
observation for six-hour period, and record indi- 
cates no further difficulty. 

Comment: This was the Training Tank’s first 
casualty and was one of three occurring within 
the first 300 men trained. Trainee let go of the 
ascending line at 30 ft. and swam to surface hold- 
ing his breath. 

Case 2 (Probably Air Embolism) Year: 1930.— 
Date of casualty unknown, year 1930 within five- 
month period of commissioning of Escape Training 
Tank on Aug. 20, 1930. 

Type of Ascent: S. E. A. from 50 ft. 

Casualty Detected: One to three minutes after 
man reached the surface, collapsed in a semi- 
conscious state. 

Clinical Symptoms: Radial pulse absent; cold- 
ness of body and extremities, rigidity of muscles, 
shallow and rapid respirations. 

Treatment: None. Patient revived after 15 min- 
utes and apparently suffered no ill effects. 

Comment: This was the Training Tank’s second 
casualty and occurred within the first 300 men 
trained. Trainee could not swim and lost mouth- 
piece and valve at 10 ft. because of dental plates, 
at which time he shot to the surface holding on 
to ascending line. 

Case 3 (Probable Air Embolism) Year: 1930.— 
Exact date of casualty unknown, year 1930 within 


*A copy of the treatment tables referred to 
in the abstracts is reproduced as the Figure, as 
published in Reference 3. 
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five-month period of commissioning of Training 
Tank on Aug. 20, 1930. 

Kind of Ascent: S. E. A. from 50 ft 

Casualty Detected: Thirty seconds to one min- 
ute after man reached the surface, collapsed in 
unconscious state. 

Clinical Symptoms: Radial pulse absent; heart 
slow and weakened; Extremities and body cold; 
Muscles rigid; breathing shallow and rapid. 

Treatment: Patient semiconscious 
state and after two hours was put into recompres- 


remained in 


sion chamber and pressure raised to 25 lb. for 


10 minutes. Condition of patient appeared the 
same at this depth so pressure was reduced to 
15 Ib. for 5 minutes, 10 Ib. for 7 minutes, and 5 Ib 
for 10 minutes, then released. Patient removed 
to sick bay and appeared better after a night's 
rest. A few days later all symptoms cleared up. 

Results of Treatment: Appears that the 25-Ib 
pressure applied may have had unobserved results, 
as records indicate patient commenced recovery 
after application of pressure. 


Comment: This man was the third casualty 


occurring within the first 300 men trained. He 


had made two previous 18-ft. escapes during the 
first of which he left the line and shot to the sur- 
face. In his first 50-ft. escape he left the line and 
shot to the surface. After an hour he was sent 
down for his second 50-ft. escape from the bell. 
He left the line at 40 ft. and shot to the surface, 
holding his breath. 

Case 4 (Air Embolism) July 27, 1934.—Kind of 
Ascent: S. E. A. from 100 ft. 

Casualty Detected: At 30- to 40-ft. level in 
water, hanging on the ascending line unconscious 

Clinical Symptoms: Unconscious. 

Treatment and Results: Recompression chamber ; 
amount of pressure applied, unknown. Placed in 
chamber about 0955; pronounced dead 1114. 

Comment: Cause of death is believed to have 
been an air embolism as the S. E. A. used by this 
man was checked and found to be in good working 
order. 

Cast 5 (Air Embolism) Aug. 2, 
of Ascent: S. E. A. from 18 ft. 

Casualty Detected: About 
reaching surface. 

Clinical Symptoms: Subject became wobbly, 
sank to his knees; blind pupils dilated, no reaction 
to light, slight nystagmus. 


1935.—Kind 


one minute after 


Treatment and Results: Recompression in cham- 
ber to 60 Ib.; relief at 45 lb. Total time in cham- 
ber 1101 to 1546. Patient returned to duty after 
24 hours, observation period in sick bay. 

Comment: Upon ascent patient experienced 
difficulty in breathing, so held his breath and came 
to surface quickly, resulting in an air embolism. 

Cast 6 (Decompression Sickness) July 11, 


1942.—Kind of Ascent: Free ascent from 100 ft. 
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Casualty Detected: Three minutes after reaching 
surface. 

Pain right knee, numbness 
and weakness of right leg and thigh which steadily 
became worse. Leg was flaccid. 


Clinical Symptoms : 


Treatment and Results: Recompressed in cham- 
ber to 45 Ib.; relief obtained at 20 Ib.; decom- 
pressed at 60 ft. for 10 minutes. Patient had no 
complaints after treatment. No residual noted fol- 
lowing day. 

Comment: This was noted as decompression 
sickness, as subject was a Training Tank instructor 
and made two 100-ft. dives in two hours for a 
total exposure time of 32 minutes. It is interesting 
to note at this point that the attending Medical 
Officer stated, “This is not sufficient exposure for 
Sends to be expected.” Actual measurement of 
tank shows 110 ft. in 100-ft compartment vice 
100 ft. 

Case 7 (Air Embolism) Jan. 27, 1944—Kind of 
Ascent: S. E. A. from 50 ft. 

Detected: On 
and groaning. 


Casualty surface, semiconscious 

Clinical Symptoms: Unconscious, bloody froth 
on lips, pupils widely dilated, eyes fixed to left. 

Treatment and Results: Patient placed in cham- 
ber less than three minutes after arrival on surface. 
Complete relief at 50 ft. Remained at 25 Ib. for 
20 minutes, 20 Ib. for 6 minutes, 15 Ib. for 5 min- 
utes, 10 Ib. for 12 minutes, 5 Ib. for 11 minutes. This 
treatment was inadequate because patient continued 
to complain of soreness in chest. Patient recom- 
pressed to 100 ft., point of relief, and 100-ft. 
treatment table used for treatment. During des- 
cent patient strained considerably while clearing 
Examination of chest at 30 ft. showed a 
After a total of 20 hours 
in the chamber and various other treatments pa- 
tient was transferred to sick bay and eventually 
recovered. 


his ears. 
partial pneumothorax. 


Comment: Records indicate this man experienced 
difficulty breathing and left the ascending line at 
25 ft. and commenced swimming to the surface 
holding his breath. Result: air embolism. 

Case 8 (Subcutaneous Emphysema) March 22, 
1944.—Kind of Ascent: Fifty-pound pressure test 
in recompression chamber. 

Casualty Detected: Upon completion of ascent, 
on surface. 
Clinical 
taneous emphysema extending from both clavicles 
anteriorly. up to the zygomatic, neck and jowls 
puffy. Some difficulty in talking; heart showed a 

very definite systolic pericardial friction rub. 


Symptoms: Large generalized subcu- 


Treatment and Results: Rest in sick bay and 
eventual return to duty. 

Comment: X-rays confirmed the diagnosis of 
emphysema. There was no pneumothorax present. 
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Case 9 (Air Embolism) Nov. 29, 1944.—Kind 
of Ascent: Fifty-pound pressure test in recom- 
pression chamber. 

Casualty Detected: Upon completion of ‘pressure 
test, on surface. Subject fell over unconscious. 


Clinical Symptoms: Unconscious, color good, 
respiration shallow and rapid; left arm flexed and 
rigid, knee jerks hyperactive. 

Treatment and Results: Recompression in cham- 
ber to 165 ft.; total time of treatment 180 minutes. 
Patient was symptom-free upon surfacing, sent to 
sick bay, and released for duty on Dec. 13, 1944. 

Comment: Patient states he held his breath at 
times during ascent. He also used considerable 
force when blowing to equalize pressure in ears. 
Opinion of Medical Officer: air embolism. 

Case 10 (Air Embolism) June 16, 1947.—Kind 
of Ascent: Free escape from 35 ft. 

Casualty Detected: One to two minutes after 
reaching surface, man collapsed in unconscious 
state. 

Clinical Symptoms: Unconscious; pale, bloody 
saliva trickling from mouth; pulse weak and slow. 

Treatment and Results: Table 2 of Standard 
Treatment Tables, patient commenced partial re- 
covery at 100 ft. and became conscious at 165 ft. 
Man made slow recovery upon completion of re- 
compression. Released from sick bay on June 25, 
1947. 

Comment: Man exhaled continuously until he 
was about 10 ft. from surface. At that depth he 
felt that he had exhaled all the air he could so 
swam to the surface but doesn’t recall subsequent 
events. His slow recovery was probably due to 
use of Table 2 vice 3 or 4, as this was a serious 
case of air embolism. 

Case 11 (Air Embolism) Dec. 18, 1947.—Kind 
of Ascent: Free escape from 90-ft. roving bell to 
50-ft. lock; free escape from 50-ft. lock to 25-ft. 
bell; free escape from 25-ft. bell to surface. 

Casualty Detected: Probably at 50-ft. lock as 
man arrived in the lock thrashing aimlessly and in 
stuporous condition for about one minute. Upon 
arrival on surface after free escape to 25-ft. bell 
and then to surface, man lost feeling in arms after 
two minutes on surface. 

Clinical Symptoms: Loss of feeling in arms; 
right arm spastic and ataxic. 


Treatment and Results: Recompression (Table 
2); two days in sick bay. Man made uneventful 
recovery, 

Comment: Man was prospective Training Tank 
instructor and had only been qualified to a depth 
of 18 ft. He took the roving bell to 90 ft. 
evidently without permission, and commenced his 
free escape to 50-ft. lock without escort. The 50- 
ft. lock instructor should have kept man in 50-ft. 
lock when he noticed him thrashing about and 
notified the Officer in Charge of the day’s training. 
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Case 12 (Subcutaneous Emphysema) Sept. 6, 
1950.—Kind of Ascent: S. E. A. from 100 ft. 
Casualty Detected: Twenty-four hours after 100- 
ft. ascent, by examination of Medical Officer. 

Clinical Symptoms: Subcutaneous emphysema in 
the floor of the mouth and in both anterior triangles 
of the neck spreading down an inch or so below 
the clavicles on both sides of the chest. 

Treatment and Results: Unknown other than 
x-ray of chest. 

Comment: Man reported to the Escape Training 
the day after receiving S. E. A. training as fol- 
lows: One 18-ft. S. E. A. ascent; one 50-ft. 
S. E. A. ascent; two 100-ft. S. E. A. ascents. He 
complained of pain in precordium on deep breathing 
and swelling in neck. Subject claims he held his 
breath last 10 ft. of 100-ft. escape. 

Case 13 (Air Embolism) Aug. 8, 
Kind of Ascent: Free escape from 40 ft. 

Casualty Detected: Thirty seconds after arrival 
on surface man lapsed into semiconscious state. 

Clinical Symptoms: Head turned sharply to left; 
rigid upper extremities; flaccid lower extremities; 
glassy vacant stare; short, rapid respiration. 

Treatment and Results: Recompression (Table 
2); one day’s rest in sick bay upon completion of 
pressure. Returned to duty. 

Comment: Patient had made two free escapes 
from 8-ft., 15-ft., and 25-ft. depths, and record 
indicates man was not completely relaxed at any 
time during the training. On one of his 25-ft. 
escapes he had to be pushed forcibly in the stomach 
by instructor as he was not exhaling enough. 

Case 14 (Decompression Sickness) Sept. 25, 
1950.—Kind of Ascent: Recompression-chamber 
dive to 165 ft. 

Casualty Detected: One hour after surfacing. 


Clinical Symptoms: Visual disturbances, marked 
itching of skin, marble-like skin lesions. 

Treatment and Results: Recompression (Table 
2). No symptoms present after surfacing. 


1950.— 


Comment: Nine hours prior to 165-ft. dive Sub- 
ject had made dives to 12 ft. 18 ft, 25 ft, and 
40 ft. for a total exposure time of 60 minutes. 

Case 15 (Air Embolism) Oct. 11, 1950.—Kind 
of Ascent: Free ascent from 50 ft. 

Casualty Detected: In the water at about 20 ft. 

Clinical Symptoms: Paralysis and unconscious- 
ness. 

Treatment and Results: Recompression (Table 
3). Also rest in dispensary for one week, return 
to duty upon completion of rest and observation. 

Comment: Subject was rising faster than his 
bubbles; instructor signaled him to exhale faster 
at which time he blew out his air and swam into 
18-ft. lock. After about one minute in lock he 


commenced going into a semiconscious state. 
Case 16 (Air Embolism) Jan. 31, 1951.—Kind 
of Ascent: Free escape from 18 ft. 
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Casualty Detected: Ten minutes after arriving on 
surface. 

Clinical Symptoms: Numbness of the thumb and 
index finger, which slowly enlarged to involve ad- 
jacent portions of the volar surface of the hand. 

Treatment and Results: Recompression (Table 
3). Man returned to duty three days later. 

Comment: Man made very fast ascent from 18 ft. 

Case 17 (Decompression Sickness) May 21, 
1951—Kind of Ascent: 100-ft. free ascent and 
various skin dives. 

Casualty Detected: Five minutes after surfacing 
experienced dull ache in left knee. 

Clinical Symptoms: Dull ache in left knee which 
progressively became more intense for one half- 
hour and was aggravated by motion and weight- 
bearing. 

Treatment and Results: Recompression (Table 
1). Relief experienced at 55 ft. Patient returned 
to duty after 24 hours’ rest. 

Comment: A list of patient’s exposures follows 
in chronological order (All exposures were “skin 
dives”: Time unrecorded but limited to breath- 
holding ; 

1. Two dives to 25-ft. bell; worked between 20 
and 40 ft. on both occasions. 

2. Two dives to 50-ft. lock; operated once to 
60-70 ft. from the lock. 

3. Two dives to 90 ft. from 50-ft. lock. 

4. One dive to¥100 ft. from 90-ft. bell. 

5. One free escape from 100 ft. 

6. Between the above dives the patient made 
several shallow dives and worked at depths from 
0 to 25 ft. 

Case 18 (Decompression Sickness) May 18, 
1951—Kind of Ascent: Skin dive to 50-ft. lock 
for 90 minutes and probable free ascent. 

Casualty Detected: Two hours and fifteen min- 
utes after surfacing. 

Clinical Symptoms: Dull aching pain in plantar 
surface of left foot. Reddish blush over painful 
area. 

Treatment and Results: Recompression (Table 
1). Full relief at 50 ft. Man returned to duty 
upon completion of treatment. 

Comment: Subject made two dives to 50 ft. for 
a total exposure time of 90 minutes, resulting in 
overexposure. 

Case 19 (Air Embolism) Feb. 5, 1952 (Fatal) — 
Kind of Ascent: Free escape from 50 ft. 

Casualty Detected: After arrival on surface pa- 
tient commenced thrashing around in water and 
lapsed into unconscious state. 

Clinical Symptoms: Unconsciousness ; frothy red 
fluid issuing from mouth; chest rigid; radial, 
temporal, carotid pulse was absent. 

Treatment and Results: Patient was placed in 
recompression about 5 minutes after onset of 
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symptoms. Pressure applied at 1131, and in the 
opinion of the Medical Officer patient died at 1132. 

Comment: Subject completed S. E. A. training 
through 100 ft. the day before his death. On the 
day of his death he had successfully completed 
three 18-ft. free escapes; accident occurred on 
first 50-ft. free escape. Artificial respiration was 
commenced almost immediately and continued until 
termination of treatment at 1143. At this time 
treatment was discontinued and the tenders in the 
chamber decompressed for 40 minutes on 170-ft. 
table. A recompression chamber topside in cupola 
may have saved this man’s life, as 5 minutes from 
onset of symptoms to application of pressure is 
considered excessive. 

Case 20 (Subcutaneous Emphysema) June 6, 
1952.—Kind of Ascent: Free escape from 50 ft. 

Casualty Detected: Man felt pain in chest and 
swam into 18-ft. lock. 

Clinical Symptoms: Sudden onset of chest pain 
at 18-ft. level; subcutaneous emphysema over 
entire chest wall anteriorly. 

Treatment and Results: Recompression (Table 
3). Relief at 60 ft. Surfaced uneventfully; no 
recurrences. 

Comment: While ascending man noticed a sud- 
den sharp pain at 18 ft. and swam into 18-ft. lock. 
Lock instructor assumed man was out of air and 
let him make another free escape to the surface. 
Chest pain abated rapidly when he surfaced. It 
is believed that he may have had a lung bleb that 
ruptured into his mediastinal region causing the 
emphysema. 

Case 21 (Air Embolism) July 1, 1952 (Fatal) — 
Kind of Ascent: Free escape from 50 ft. 

Casualty Detected: Thirty seconds after arrival 
on surface man collapsed in unconscious state. 

Clinical Symptoms: Unconsciousness, convul- 
sions, body rigid, tonic state. 

Treatment and Results: Recompression to 70 ft. 
Examination by Medical Officer proved patient to 
be dead. Treatment stopped. Medical Officer’s 
opinion: patient had died in elevator on way down. 

Comment: Patient had completed the following 
escapes: One S. E. A. from 18 ft.; one S. E. A. 
from 50 ft.; one S. E. A. from 100 ft.; three 
free escapes from 18 ft. His free escape from 
the 50-ft. lock resulted in an air embolism, and 
a chamber topside in the cupola might have saved 
his life. The training of S. E. A. and free escape 
given on the same day has since been discontinued. 

Case 22 (Decompression Sickness) July 24, 
1952.—Kind of Ascent: Free escape from 100 ft. 

Casualty Detected: Two to three minutes after 
surfacing, knees buckled. 

Clinical Symptoms: Muscular weakness, localized 


pain, moderate substernal pain. Silly, inappropriate 
behavior. 
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Treatment and Results: Recompression (Table 
3). Patient had apparent recurrence at S6= tt. 
was taken to 165 ft. without relief. It was felt 
the recurrence was on the basis of edema of the 
cord from original trauma. Completed treatment 
on Table 4. Man recovered after rest in sick bay. 

Comment: Subject had made one 50-ft. free 
escape and was the third man from the last to 
make a free escape from the 100-ft. compartment. 
Exact time of exposure unknown but estimated at 
not less than 23 minutes. He was scheduled for 
decompression but developed symptoms within two 
to three minutes of surfacing and was treated as 
noted. Attention is invited to the depth of the 100- 
ft. compartment. It is actually 110 ft. 11 in. and 
exposure time should be computed from the 120- 
ft. table. 

Case 23 (DU Hemorrhage, Cerebral) Oct. 23, 
1952.—Kind of Ascent: Fifty-pound pressure test 
in recompression chamber. 

Casualty Detected: Upon completion of ascent 
man collapsed on the surface. 

Clinical Symptoms: Marked clonic contractions 
of masseter muscles, eyes downward and to the 
left; flattening of right side of face; fingers 
clenched tightly in typical carpopedal spasm; 
Eventual unconsciousness. 

Treatment and Results: Patient was examined 
by Submarine Medical Officer from 0845 to 0920. 
Treatment was started at 0920 on Table 4. Pa- 
tient’s return to consciousness was noted at 60 ft.; 
further recovery noted at 165 ft. The patient ap- 
peared “near normal” in the latter part of treatment. 

Case 24 (Subcutaneous and Mediastinal Em- 
physema) Dec. 11, 1952.—Kind of Ascent: Free 
ascent from 50 ft. 

Casualty Detected: Two to three minutes after 
arrival on surface. 

Clinical Symptoms: Sore throat, fullness in neck, 
change of quality of voice, feeling of tension and 
fullness in chest. X-ray revealed an in-planes 
cleavage in both the mediastinum and cervical areas. 

Treatment and Results: Recompression (Table 
3), with partial relief obtained at 35 ft. much 
improvement at 165 ft. Patient returned to duty 
after observation and rest at sick bay. 

Comment: Prior to this free ascent subject had 
swum to 100 ft. with Aqua-Lung and “ditched” 
the lung and attempted to make a free ascent. 
The escorting instructor on this run states man 
rose 10 ft. without expelling any air. As he was 
having trouble he went into 50-ft. lock. Officer 
states he was out of air and went into lock for 
additional air. It is possible that his difficulty com- 
menced on this run. 

Case 25 (Air Embolism) Dec. 11, 1952.—Kind 
of Ascent: Free ascent from 50 ft. 

Casualty Detected: At about 40-ft. level in 
water. 
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Clinical Symptoms: Dizziness, left pupil slightly 
larger than right. 

Treatment and Results: Recompression (Table 
3). Relief from vertigo between 50 and 100 ft. 
Patient returned to duty after 24 hours’ observation 
and rest in sick bay. 


Comment: Man had just previously made a 100 
ft. Aqua-Lung ditch and successful free escape. 
Following this he was making a free ascent from 
50 ft. without mask or nose clip. Shortly after 
leaving the 50-ft. lock he was noted to be having 
difficulty. Two instructors tried to get him in the 
40-ft. bell, but he was struggling to ascend. He was 
told to expel his air and the instructors would 
assist him into the 25-ft. bell. Four instructors 
finally got him into the 25-ft. bell and then into 
the 18-ft. lock. He was then allowed to make a 
free ascent to the surface. After arrival on surface 
he became dizzy. 

Case 26 (Air Embolism) May 1, 1953.—Kind of 
Ascent: S. E. A, from 100 ft. 

Casualty Detected: At 20-ft. level in water. 

Clinical Symptoms: Dizziness, numbness, paral- 
ysis. 

Treatment and Results: Recompression (Table 
3). Commenced recovery at 60 ft. and felt fine 
at 165 ft. Man returned to duty after 24 hours’ 
observation and rest in sick bay. 

Comment: Examination of this man’s escape 
appliance both before and after his escape from 
the 100-ft. lock revealed that it was in perfect 
working order. For some reason, perhaps fright 
and excitement (he declared apprehension be- 
cause a shipmate, Case 21, died while under- 
going free-escape training, July, 1952), this man 
apparently did not breathe into his appliance 
Therefore it appears that he was making a poorly 
regulated “free escape,” i. e., exhaling spasmod- 
ically with the buoyancy of the escape appliance 
pulling him toward the surface. If he had not 
exhaled several times the end-result might well 
have been disastrous. It is of pertinent interest 
that on the entire week end prior to undergoing 
escape training, Subject had little rest. This case 
represents air embolism with symptoms of central 
nervous system involvement plus mediastinal em- 
physema. The response to recompression was 
dramatic. 

Case 27 (Ear Irritation) Nov. 9, 1953.—Kind 
of Ascent: Aqua-Lung ditch and free escape from 
50 ft. 

Casualty Detected: Fifteen seconds after sur- 
facing man became dizzy. 

Clinical Symptoms: Dizziness, crackling sensa- 
tion in left ear. 

Treatment and Results: Recompression (Table 
2). Patient had partial relief at 20 ft. and complete 
relief at 60 ft. Return to duty after 24-hour rest 
and observation in sick bay. 
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Comment: This was not considered to be an air 
embolism but- rather a vestibular irritation, and 
the past history revealed that a similar incident 
occurred to the patient in June of 1951, while he 
was a student at the Naval School, Salvage Divers, 
at Bayonne, N. J. This happened while using a 
shallow water mask and ascending with the mask 
functioning properly. Treatment consisted of 
APC’s and one and one-half hours’ sleep. Upon 
awakening he was asymptomatic. 

Case 28 (Air Embolism) Feb. 8, 1954.—Kind 
of Ascent: Fifty-pound pressure test in recompres- 
sion chamber. 

Casualty Detected: After arrival on surface, man 
commenced to moan and lost consciousness. 

Clinical Symptoms: Groaning, retching without 
vomiting, eyeballs fixed ahead, unconsciousness. 

Treatment and Results: Recompression (Table 
3). Patient regained consciousness at 120 ft. and 
had no complaints at 165 ft. Returned to duty on 
Feb. 8, 1954, after rest and observation in sick 
bay. 

Comment: Patient’s statement was that onset 
was sudden, with great heaviness of head and loss 
of consciousness without pain, dyspnea, dizziness, 
visual disturbances, or nausea. Next recollection 
was voice of Medical Officer (at 120 ft.). No pain 
in any joints at any time. He had had moderate ear 
trouble during descent and might have blown 
against nose during ascent. No previous exposures 
to increased pressure at any time. It is believed 
that the organ system involved in this casualty 
was the CNS above the medulla. There was 
absence of localizing neurological signs or as- 
symmetry, except for a transient diversion strabis- 
mus during recompression and anisocoria in the late 
stages of treatment. The clonic convulsive move- 
ments did not resemble epilepsy to the observer; 
negative history and normal EEG also render 
epilepsy unlikely. Air embolism to the cerebrum 
is felt to be the most probable cause of these 
findings, in view of the prompt stepwise response 
to recompression, without marked residuals. Origin 
of the embolus is unknown. 


Case 29 (Pulmonary Trauma) March 2, 1954.— 
Kind of Ascent: Skin dive to 100 ft. holding 
breath and return to surface. 

Casualty Detected: One minute after arrival on 
surface. 

Clinical Symptoms: Dull substernal discomfort, 
difficulty in taking a deep breath, substernal 
“gurgling” sensation on deep inspiration, 
cough productive of bright red blood. 

Treatment and Results: Forty-eight hours rest 
and observation in sick bay; then return to duty. 

Comment: This officer had made numerous 
previous drops from the surface to 85 ft. in the 
Training Tank while holding his breath. On this 
drop he went to 100 ft. for the first time. As he 


and 
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fell through the water he intermittently blew air 
past his nose clip to prevent a facial squeeze. He 
reached 100 ft. in approximately one minute and 
then began his ascent by pulling himself up the 
tank’s descending line. On reaching the surface, 
he was pale, with grayish tint to his face. He was 
breathing faster than normal and coughing. Within 
a few minutes time he had raised approximately 
10 to 15 cc. of bright red sputum. The pulse was 
slightly accelerated and strong. Eustachian tubes 
and tympanic membranes were normal. The 
symptoms were difficulty in taking a deep breath, 
coughing hemoptysis, and dull substernal ache. 
Breath sounds were normal except for some sub- 
sternal respiratory rhonchi. He was ambulatory 
and fully conscious, and symptoms were not alarm- 
ing. Since this was a surface drop to a depth which 
he had not previously reached, and because of loss 
of pulmonary air during descent to equalize face- 
plate pressure, it was concluded that he suffered 
a moderate thoracic squeeze, his lung volume hav- 
ing been compressed to less than his residual air 
volume. 

Case 30 (Decompression Sickness) March 4, 
1954.—Kind of Ascent: Various dives to 70 ft. 

Casualty Detected: Two to three hours after 
completion of final ascent. 


Clinical Symptoms: Pain in area of right knee 
and shin. 

Treatment and Results: Recompression (Table 
1) with complete relief at 30 ft. Patient returned 
to duty after 24 hours’ rest. 

Comment: Subject stated that he had noticed 
vague pains in his right leg for the past few days 
but today shortly after completing training the 
pain was more localized in the area of right knee 
and shin. The pain gradually increased in severity, 
and the right forearm became involved. He called 
the Tank from his home and was advised to report 
back immediately for treatment. He was recom- 
pressed slowly with the Medical Officer as tender 
and had considerable relief of symptoms at 20 ft. 
and complete relief at 30 ft. He was taken to 
100 ft. and was brought up on Treatment Table 
1. After breathing Oz at 60 ft. for 29 minutes and 
30 seconds he had slight quivering of the chin 
muscles. At 50 ft. still breathing Os he had 
definite facial spasm. He was put on air for 
several minutes and then Oz was given with Sub- 
ject holding the mask on rather than using the 
strap. There were no further symptoms of Os: 
toxicity, and he was surfaced without further 
incident at 2115 and put to bed at the Escape 
Training Tank. There was 
symptoms. 

Case 31 (Aerotitis Media with Overlay of 
Hysterical Symptoms) May 6, 1954—Kind of 
Ascent: Fifty-pound pressure test in recompres- 
sion chamber. 


no recurrence of 
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Casualty Detected: At 25 ft. during ascent 
student complained of dizziness and had nose 
bleed. 

Clinical Symptoms: Dizziness, numbness, epi- 
staxis, nausea. 

Treatment and Results: Recompression (Table 
2). Patient returned to duty upon completion of 
treatment. 

Comment: This member of a group of Sub- 
marine School students undergoing routine 50-Ib. 
pressure test, complained of nose bleed and dizziness 
at 25 ft. during ascent. Medical Officer descended 
in outer chamber, found a frightened young man 
standing and supporting himself because of 
dizziness. Brief physical examination was negative 
except for nose bleed and a No. 3 right ear. Pa- 
tient seemed to improve after reassurance. Pres- 
sure was decreased slowly for purposes of surfacing 
and getting the other sailors out. On reaching the 
surface patient complained of extreme dizziness, 
numbness of upper extremities, and nausea. All 
functional tests normal, physical examination 
negative except for pronounced left nystagmus 


even while looking ahead. Pupils round and equal 
and reacted normally, no strabismus; tendon re- 
flexes equal and within physiological limits. Sit- 
uation was doubtful, and it was decided to use 
recompression. Patient became panicky at being 
closed in again, complained of pain in right ear, 
which was already No. 3 in severity; several 


minutes were required to get to 40 ft. Complaint 
of dizziness was intermittent throughout descent, 
but after his attention was diverted in conversation, 
he complained less frequently ‘and in a detached 
way. Nausea and great apprehension on one oc- 
casion when epistaxis recurred briefly. Physical 
examination at 165 ft. was negative except for a 
No. 4 right ear, no perforation; all deep reflexes 
hyperactive and symmetrical, Romberg negative. 
Patient was an immature, emotionally unstable 
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white man with low intelligence, who could be 
influenced by leading questions. It is felt that his 
complaint of numbness was suggested to him by 
questioning. Patient was theatrical and over ob- 
jective in description of his symptoms. Impression: 
hysteria. 

Case 32 (Emphysema) July 7, 1954—Kind of 
Ascent: Fifty-pound pressure test in recompression 
chamber. 

Casualty Detected: Two to three minutes after 
arrival on surface. 

Clinical Symptoms: Pain in ears and neck and 
sore throat. 

Treatment and Results: Recompression (Table 
3). Relief at 30 ft. Patient returned to duty after 
rest in sick bay. 

Comment: At 0825 Subject began taking the 
routine pressure test in the chamber prior to be- 
ginning his submarine escape training. During 
the descent he experienced a great deal of difficulty 
in equalizing in his ears. The instructor in the 
chamber stopped the descent on several occasions 
so that Subject could maintain his equalization. 
The instructor noted that Subject used the valsalva 
method very forcibly to maintain equalization and 
he (instructor) advised him “to take it easy.” 
Upon reaching the bottom (112 ft.) at 0832 Sub- 
ject experienced no difficulty, and he was brought 
to the surface at 25 ft. per minute. Upon reaching 
the surface he complained of pain in both ears 
and a sore throat. Physical examination revealed a 
Grade 2 or 3 aerotitis media in both ears but 
nothing visible in his throat. It was decided that 
he should discontinue further training for the day 
and return in several days after the aerotitis had 
subsided. At 1805 he called the Training Tank 
on the phone, complaining of soreness in the neck, 
difficulty in breathing, tightness in the chest, in- 
ability to swallow anything other than liquids, 
and difficulty in speaking. He was told to report 
immediately to the Tank. 


The Denaturation of Proteins by Chromium Salts 


JANET HOWELL CLARK, Ph.D., Baltimore 


In the course of a series of experiments 
concerned with the study of cancer in the 
chromium industry, it seemed desirable to 
investigate the effect of chromium salts on 
body proteins. 

Some previous work has been reported in 
this field. Michael! found that anionic 
chromium complexes will precipitate pro- 
teins on the acid side of the isoelectric point 
and cationic chromium complexes will pre- 
cipitate them on the alkaline side. The pre- 
cipitate is a salt-like combination of the 
complex ion and the protein carrying the 
opposite charge, and it was stated that this 
effect is not accompanied by denaturation 
as the precipitates redissolve with change 
in pH. 

However, Thomas and Norris had pre- 
viously reported that small amounts of metal 
salts precipitate proteins as a result of the 
interaction of ions, this precipitate being 
soluble on change in pH without denatura- 
tion, but that large amounts of metal salts 
will denature proteins, the rate of this de- 
naturation depending on the concentration 
of the heavy metal salt, the pH, and the 
temperature. Their results agree substan- 
tially with those reported in this study, and 
for that reason the changes produced by 
chromium salts were considered a form of 
denaturation. 


Method 


The protein used, except where otherwise stated, 
was crystalline bovine plasma albumin in 0.5% 
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aqueous solution. The chromium salts were two 
hexavalent chromates, sodium chromate, NasCrQO,, 
and potassium dichromate, KsCrzO:, and trivalent 
chromic chloride, CrCls. 

When protein denaturation occurred, the degree 
of denaturation was determined by the opalescence 
at the isoionic point by means of a Tyndallmeter 
and Macbeth Illuminometer. The apparatus was 
the same as that used in previous experiments * and 
had been found to give quantitative results under 
controlled conditions. 

In general, the procedure was first to determine 
the opalescence of the standard solution after com- 
plete denaturation by boiling and dilution to a 
reading of approximately 3 ft-c. This was Reading 
1. If then a sample of the standard solution was 
partially denatured, the opalescence, measured at 
the isoionic point, was Reading 2. This solution 
was then filtered to remove the denatured protein. 
The filtrate was boiled and the opalescence deter- 
mined (Reading 3). If Readings 2+3 was equal 
to Reading 1, then no protein had been lost by any 
procedure followed, such as dialysis, and the per- 
centage denaturation was determined from Read- 
ings 1 and 2. 


Results 


Hexavalent Chromates——An aqueous so- 
lution of bovine plasma albumin was found 
to have its isoionic point at pH 5.4. This 
agrees with previous determinations.* After 
denaturation, by boiling, the pH shifts to 
pH 6.0-6.4. Aqueous solutions of bovine 
plasma albumin contain protein molecules 
carrying a negative charge at pH >5.4 anda 
positive charge at pH <5.4. 

The hexavalent chromates NaeCrO, and 
KeCreO; dissociate to give anion CrO, and 
CreO;. When these chromates are added 
to isoionic bovine plasma albumin they shift 
the pH to the alkaline side. The solutions 
are clear, but a precipitate is formed if they 
are brought to pH 5.4 or less. 

Solutions at pH >5.4: Varying amounts 
of the chromates (1%-3%) were added 
to the standard protein solution. The pH 
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was in all cases above pH 5.4. The solutions 
were clear, and when the chromates were 
removed by dialysis the solutions remained 
clear at the isoionic point, showing that the 
protein was not denatured by contact with 
hexavalent chromates at pH >5.4. No pro- 
tein was lost on dialysis. This was true even 
when the solutions containing chromates 
were heated to 40 C for five hours before 
dialysis. This would have accelerated any 
denaturation that might have occurred. 
Solutions at pH <5.4: When hexavalent 
chromates are added to 0.5% bovine plasma 
albumin and the pH adjusted to a value 
below pH 5.4, a heavy white precipitate is 
formed. This precipitate is readily reversible 
if the solutions are made more alkaline at 
once or if the chromium salts are removed 
by immediate dialysis. The precipitate is 
apparently formed by the positively charged 
protein cations and the chromium anions, as 
previously noted by Michael.! When the 
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TABLE 1.—Denaturation by KiCrsO; and NazCrO, 
at pH<54 


After Dialysis 


% Denatured 
Original 


Temperature, C Time 


Remaining 


(40 
Lhr. 
2hr. 

23 0 

20 hr. 
hr. 

10) 1 wk. 

12 days 

\ 16 days 
hr. 
lbr. 

23 0 

24 br. 
68 hr. 

l wk. 
16 days 


2% K.Cr:0; 


2% NasCrO. 4 


Fx 


BEE 


16 DAYS (10°) 


— 


2 DAYS (25°) 


| 
Fig. 1—Denaturation by KsCr2O;. 
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; X, rate at 40 C. 


2 HOURS (40°) 


Abscissae: time. Ordinates: per cent denaturation of 
protein originally present. Solid circles indicate rate of denaturation of 10 C i 


; open circles, 
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133 DAYS (25°) 


at 25 C; X, rate at 40 C. 


precipitate is redissolved by immediate dial- 
ysis the solutions which were precipitated by 
KesCr2O; contain the original amount of pro- 
tein which is found to be undenatured. In 
the case of NagCrO, some protein is broken 
down and lost during dialysis. The remain- 
ing protein is unchanged. 


If the precipitated solutions are kept at 
10 C for a week or more a large proportion 
of the precipitate remains after the chro- 
mium has been removed as completely as 
possible by dialysis and presumably contains 
denatured protein. The precipitate is a pro- 
tein-chromium complex, as, even after pro- 
longed dialysis, it contains 1 M. of chromium 
per mole of albumin.® These results agree 
with those reported by Thomas and Norris.” 
This denaturation which proceeded very 
slowly at 10 C occurred fairly rapidly at 
room temperature and very rapidly at 40 C. 
Therefore measurements were made of the 


rate of formation of denatured protein using 
% and 2% NasCrO, in 0.5% 
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Fig. 2—Denaturation by NasCrO,. Abscissae: time. Ordinates: per cent denaturation of 
protein originally present. Solid circles indicate rate of denaturation at 10 C; open circles, rate 


| 1.33 HOURS (40°) 


bovine plasma albumin at 10, 25, and 40 C. 

After 48-hour dialysis the opalescence of 
the solutions was determined. The solutions 
were then filtered, the filtrate adjusted to the 
isoionic point and boiled, and the opalescence 
measured. From these readings and the 
opalescence of the protein solution with 
complete denaturation the percentage de- 
naturation was calculated. It had previously 
been noted that in solutions containing 
NaeCrO, some protein was broken down 
into smaller units and lost during dialysis. 
This occurred to some extent before any 
denaturation had taken place. In solutions 
containing KgCr2O; the protein is not broken 
down until denaturation occurs and then is 
less extensive than with NasCrO,. Because 
of the loss of protein the per cent denatured 
was calculated as per cent of protein orig- 
inally present and also as per cent of protein 
remaining after dialysis. 


The average results from a series of 
experiments are given in Table 1 and 
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TABLE 2.—Rate of Denaturation by K:sCr:O; 


Time to Reach 


Temperature, 
Cc 20% Denat. 30% Denat. 40% Denat. 
11 min. 
2.5 hr. 
5 hr. 
8 hr. 
18 hr. 
3.3 days 


20 min. 
4.5 hr. 
9 hr. 

13 hr. 

30 hr. 
6 days 


33 min. 
7 br. 
13.5 br. 

20 br. 
2 days 
9 days 


in Figure 1 
(NaeCrQO,). 

The results for KoCreO; and NaeCrO, 
are similar, the chief difference being that 
more protein is lost during dialysis with 
NaeCrO, so that, when the change is com- 
plete and 100% of the remaining protein 
is denatured, 60% of the original protein 
has been lost and 40% denatured in the case 
of NasCrO, and 40% lost and 60% de- 
natured in the case of KoCreO;. 

Temperature Coefficient of Denaturation : 
From the curves shown in Figure 1, the time 
to reach 20%, 30%, and 40% denaturation 
of the proten originally present was deter- 
mined for 10, 25, and 40 C. The time for 
20, 30, and 35 C was determined by inter- 
polation on curves plotted from these figures 
(not shown here). The values are given in 
Table 2. 


From the results given in Table 2 the Qyo 
at T+10 degrees 


-) was calculated and is 
given in Table 3. Calculations were made 
both for 10-degree intervals and for 5-degree 
intervals multiplied by 2. 
These results show an average tempera- 
ture coefficient of 3.8 between 10 and 35 C. 


(KeCreO;) and Figure 2 


TABLE 3.—Qw for Denaturation by K:Cr:O; 


Qo From Results For 


Temperature 20% 30% 
Interval Denat. Denat. 


40% 
Denat. 


Above 35 C the temperature coefficient in- 
creases sharply so that Qio equals 26.5 be- 
tween 35 and 40 C. Possibly another 
reaction comes in at this point. 

Results for denaturation by NagCrO, are 
given in Figure 2, and from these curves 
the time to reach 20%, 30%, and 40% 
denaturation of the protein originally pres- 
ent was determ ned for 10, 25, and 40 C. 
Results for 20, 30, and 35 C were obtained 
by interpolation. From these results the Qio 
for denaturation by NagCrO, was calculated. 

It was found that Qio is 3.8 for denatura- 
tion by NagCrO, between 10 and 35 C. 
Above 35 C the temperature coefficient rises 
sharply and equals 19 between 35 and 40 C. 

One may conclude therefore that when 
bovine plasma albumin is precipitated by 
KeCrsO; or NaeCrO,y at a pH <5.4, the 
precipitate is readily reversed leaving the 
protein unchanged if the pH is increased or 
if the solution containing the precipitate is 
dialyzed at once. If the precipitate is allowed 
to stand, the protein is gradually changed. 
Part of it is broken down into subunits 
which are small enough to be lost on dialysis, 
and part becomes denatured so that it does 
not redissolve on dialysis. This denaturation 
takes place very slowly at 10 C, fairly 
rapidly at 25 C, and very rapidly at 40 C. 
The tempreature coefficient (Qo) of the 
reaction is 3.8 between 10 C and 35 C. 
Above 35 C the temperature coefficient rises 
sharply to a value of 19-26 between 35 and 
40 C. Therefore, this change that occurs 
in proteins on contact with hexavalent 
chromates would occur rapidly at body 
temperature provided the hydrogen ion 
concentration of any tissue containing chro- 
mium were below pH 5.4. 

Trivalent Chromic Chloride——When tri- 
valent CrCl, is added to bovine plasma 
albumin in concentration from 1%-3%, the 
following results are obtained: At pH >5.4 
a dense precipitate forms which contains 
Cr(OH)s as well as negatively charged 
protein ions precipitated by the chromium 
cations. As the two could not be separated 
no attempt was made to determine whether 
the protein had been denatured or not. 
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Solutions at pH <5.4: At pH <5.4, the 
solutions are clear and the chromium is 
readily removed by dialysis. Solutions were 
dialyzed against water acidified to pH 4.5 
to prevent precipitation of Cr(OH)s. So- 
lutions were kept above pH 3.5 to prevent 
acid denaturation. 

Sovine plasma albumin, in buffer solution, 
in the range between pH 2.0 and pH 4.5, 
which was kept at 40 C for four hours or at 
10 C for a week showed no measurable 
denaturation. Therefore, the denaturation by 
CrCl; at pH 3.5-4.5 was not due to acid 
denaturation. 

If the bovine plasma albumin solutions 
containing 2% CrCl; were dialyzed at once, 
there was no denaturation, but half of the 
protein was broken down into subunits and 
lost during dialysis. If the solutions were 
allowed to stand from one day to one week 
at 10 C, for one day at 25 C, and for two 
to four hours at 40 C, they showed denatura- 
tion which took place in three steps. After 
removal of the chromium by dialysis, the 
solutions were clear, but a precipitate ap- 
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peared if they stood at room temperature 
or were heated to 40 C for a short time. 
The dialyzed solutions could be brought to 
40 C at any pH and would then precipitate 
on adjustment to pH 6.4. 

This three-step process is familiar in 
radiation denaturation.* Step 1 is the de- 
naturation by CrCl; at pH _<5.4, but Step 2 
(heat change in the denatured protein) is 
necessary before precipitation at the isoionic 
point (Step 3). When dialysis is carried 
on long enough with careful control of pH 


TaBLe 4.—Denaturation by CrCl; at pH<5.4 


Temp. % Denatured 
During — 
% Step 1, of of 
Crcl; Cc Time % Lost Original Remaining 
2 40 2 hr. 4 23 55.5 
3 hr 57 24 47.5 
4hr 48 31.5 
2 25 24 hr 52 38.3 80.0 
2 10 1 day 56 12 23 
2 days 57 23 53 
3 days 47.5 32.7 
l wk 40.0 43 77 
3 10 3 days 47 38 62 


-—- 
- 


DAYS (10°) 


133 DAYS (25°) 


6 
L i 
0 
0 2 


Fig. 3.—Denaturation by CrCls. 


Abscissae : 


3 4 HOURS (40°) 


time. Ordinates: per cent denaturation of 


protein originally present. Solid circles indicate rate of denaturation (Step 1) at 10 C; open 


circles, rate at 25 C; X, rate at 40 C. 
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TABLE 5.—Rate of Denaturation by CrCls 


Time To Reach, Hr. 


Temperature, C 20% Denat. 30% Denat. 
1.75 3.5 
_ 5.75 11.0 
36.0 72 


the precipitate contains no chromium and 
consists entirely of denatured protein. 

Temperature Coefficient : The temperature 
coefficients of both Step 1 and Step 2 were 
calculated from measurements at 10, 25, and 
40 C. In Table 4 results are given which are 
the average from a large number of deter- 
minations, and they are plotted in Figure 3. 
It is seen that 3% CrCl; produced only a 
slightly greater degree of denaturation than 
2%. During dialysis about 50% of the 
protein is lost, so Step 1 involves the break- 
down of bovine plasma albumin into sub- 
units. 

From Figure 3 the time to reach 20% and 
30% denaturation of the protein originally 
present was found for 10, 25, and 40 C 
and by interpolation for 30 and 35 C. These 
results are given in Table 5. 

From Table 5 Qio for Step 1 was calcu- 
lated, and the results are given in Table 6. 

The temperature coefficient (Qio) for 
Step 1 in denaturation by CrCl; at pH<5.4 
is therefore 3.3 between 10 and 40 C. 

The temperature coefficient of Step 2 
was determined by measuring the rate at 
which opalescence developed in dialyzed so- 
lutions, in which Step 1 had taken place, at 
25 and 40 C. It was found that the tempera- 
ture coefficient of Step 2 is 3.1 between 25 


TABLE 6.—Qw for Step 1 in Denaturation by CrCl: 


Q Calculated From 


Temp. -— 
Interval, C 20% Denat. 30% Denat. AV. 
35-40 4.0 40 4.0 
30-35 3.3 3.2 3.25 
25-30 28 2.8 2.8 
10-25 3.0 3.3 3.15 
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and 35 C but rises to 10.3 between 35 and 
40 C. 

Physiological Aspects : It would seem pos- 
sible that these reactions may occur in the 
body under certain circumstances. Although 
in plasma albumin solutions Step 1 of the 
denaturation process occurs only at pH 
<5.4, other proteins, such as globin and 
some of the nucleoproteins, which have 
more alkaline isoelectric points, might be 
denatured in the body. 

Egg Albumin.—A few experiments were 
carried out with two samples of crystalline 
egg albumin to see if there were differences 
in the reactions of different proteins to 
chromium compounds. The rate of de- 
naturation was determined at 10, 25, and 
40 C. 

In the case of hexavalent chromates the 
denaturation at pH <5.4 was similar to that 
found with bovine plasma albumin, except 
for the interesting fact that egg albumin 
did not break down into subunits during 
denaturation and none was lost during dial- 
ysis. For denaturation by KoCr2O; Qio was 
4.0 from 10 to 40 C. For denaturation by 
NasCrO, Qio was 4.6 from 10-35 C and 
rose to 12.3 between 35 and 40 C. 

In the case of the trivalent chromic chlo- 
ride, egg albumin was denatured at pH _<5.4 
like blood plasma albumin in a three-step 
process. However, the second step took 
place at a lower temperature, as the de- 
natured protein was partly precipitated dur- 
ing dialysis at 10 C. The amount of 
precipitate was increased if the dialyzed 
material was subsequently heated to 40 C for 
a short time. During denaturation by CrCl; 
about 40% of the protein was broken down 
into subunits and lost during dialysis. For 
Step 1 of the denaturation process Qi9 was 
4.2 from 10 to 35 C and rose to 28 between 
35 and 40 C. 

It would seem, therefore, that the de- 
naturation of egg albumin and blood plasma 
albumin by chromium compounds is in gen- 
eral similar. 
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Conclusions 

Blood plasma albumin is denatured by 
both trivalent and hexavalent chromium 
compounds at pH <5.4. The rate of de- 
naturation is slow at low temperatures but 
proceeds rapidly at a higher temperature. In 
the case of hexavalent chromates the tem- 
perature coefficient (Qio) is 3.8 from 10 to 
35 C and rises to a value of 19-26 between 
35 and 40 C. In the case of trivalent 
chromic chloride denaturation takes place 
in three steps. The temperature coefficient 
for Step 1 is 3.3 between 10 and 40 C, and 
the temperature coefficient for Step 2 is 3.1 
between 25 and 35 but rises to 10.3 between 
35 and 40 C. 

Essentially similar results were found 
using crystalline egg albumin. 

These in vitro experiments suggest that 
denaturation of proteins by chromium com- 


Clark 


pounds may occur in vivo in the case of 
proteins with isoelectric points near pH 7.0 
and would occur rapidly at body tempera- 
ture. 


615 N. Wolfe St. (5). 
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Effect of Chromium on Incidence of Lung Tumors in 


Mice and Rats 


A. M. BAETJER, Sc.D.; J. F. LOWNEY, M.D.; H. STEFFEE, M.D., and V. BUDACZ, B.A., Baltimore 


Recent observations and epidemiological 
reports have shown that the incidence of 
bronchogenic carcinoma was significantly 
higher among men employed in the old 
chromate chemical manufacturing plants than 
in the general population.’* In order to 
study the role of chromium materials in the 
production of cancer, experiments were 
undertaken in this laboratory to investigate 
the effects of chromium compounds on the 
development of lung tumors in laboratory 
animals. 


Only a few laboratory studies have been 
published previously which record the ef- 
fects of chromium compounds on the lungs 


of animals or the relation of these materials 
to tumor formation. In one experiment a 
few animals were placed in a chromate 
chemical manufacturing plant for one to 
eight months or were subjected to a com- 
parable exposure in the laboratory. Diffuse 
thickening of the alveolar walls and pro- 
liferation of the cells along the blood vessels 
and bronchi were observed, but no tumors 
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were mentioned.’ The inhalation of tri- 
valent chromic oxydicarbonate and chromic 
phosphate in cats for 86 half-hour periods 
over four months produced no pathological 
effects in the lungs. The injection of 
pulverized chromite ore intravenously into 
tumor-susceptible mice !* produced chronic 
irritation but no increase in the incidence 
of primary pulmonary tumors as compared 
with control mice, nor did the injection of 
the ore affect the development of tumors 
induced by the intravenous injection of 
methylcholanthrene. Schinz" reported 
three, or possibly four, sarcomas in various 
areas of the body after the implantation of 
pure metallic chromium in the femurs of 
rabbits. Hueper '° injected powdered metal- 
lic chromium and chromite ore into the 
femoral bone marrow, peritoneal cavity, 
pleural space, paranasal sinuses, skeletal 
muscle, and vascular lumen of mice, rats, 
guinea pigs, rabbits, and dogs. Although 
tumors of various types were found at 
autopsy, Hueper concluded that none of 
these appeared to be causally related to the 
implanted material. However, he recently 
reported that the implantation of chromite 
ore roast in the pleural cavity and muscle 
tissue of rats resulted in the production of 
squamous-cell carcinomas and sarcomas of 
the lung in two rats and fibrosarcomas in 
the thighs of three rats. Implantation of 
calcium chromate also produced sarcomas." 
In the experiments described in this paper, 
an effort was made to produce bronchogenic 
carcinoma in rats and mice by exposing 
them to a mixed chromium dust in a dust 
chamber and by administering injections 
intratracheally, intrapleurally, or intrave- 
nously with various chromium materials 
characteristic of the plant exposures. 
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Methods 


1. Animals.—Mice and rats were used through- 
out these experiments. Three strains of mice, A, 
Swiss, and C57 Black, were obtained from the 
Jackson Memorial Laboratory. These strains have 
a very high, moderately high, and very low in- 
cidence of spontaneous lung tumors, respectively. 
The rats were a mixed strain bred in this labora- 
tory from Wister and McCollum stock. 

The inhalation or injection of the chromium 
material was started when the mice were 8 to 10 
weeks of age in most of the experiments, although 
older mice were selected for a few experiments. 
They were killed at various ages between 24 and 
62 weeks in order to determine if the spontaneous 
tumors appeared at an earlier age or at a more 
rapid rate in the experimental than in the control 
groups. The rats were 2 to 4 months old at the 
beginning of their exposure. In the inhalation group 
the rats which appeared ill after the first 60 weeks 
of exposure were killed. The experiment was 
terminated after 101 weeks of exposure. Because 
of the high mortality which resulted from repeated 
intratracheal injections, the intratracheal rat ex- 
periment was terminated when the animals were 
46 to 48 weeks of age. All of the animals were 
weighed weekly. 

2. Chromium Materials—The chromium ma- 
terials and their chemical analyses were obtained 
through the courtesy of one of the chromium 
chemical manufacturing companies. Three types of 
chromium materials were tested: a mixed chromium 
dust, basic potassium zinc chromate, and barium 
chromate. The mixed chromium dust, which was 
used in all of the inhalation experiments and some 
of the intratracheal experiments, was similar in 
composition to the dust which existed in the air 
of the old chromate-producing plants. This material 
was prepared by grinding to a fine powder the 
roast which is produced when chromite ore is 
heated at a high temperature with sodium car- 


TABLE 1.—Ultimate Analysis of Pulverized Roast 
Material Used in Experiments * 


13.7 
9.3 
6.9 
17.7 
9.4 
MgO 8.7 


0.7 


100.0 


* For the inhalation exposures 1% 
this mixed chromium material. 
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K.Cr:0; was added to 


bonate and calcium hydroxide, the first step in 
the manufacture of chromium chemicals. This 
mixed contained approximately 12% 
chromium which consisted of water-soluble hexa- 
valent sodium chromate, the end-product of the 
fusion, water-insoluble acid-soluble chromium 
chemicals, intermediate products which were partly 
trivalent and partly hexavalent, unchanged insoluble 
chromite ore where the chromium was in the tri- 
valent state, and a number of other chemicals. 
The composition of this mixed material is presented 
in Table 1. To this mixture was added 1% po- 
tassium bichromate, since small amounts of the 
bichromate are present in the air of chromate- 
producing plants. These materials were not radio- 
active. The pH was between 10 and 11. 


material 


In addition to the mixed chromate dust, the 
chrome pigments, basic potassium zinc chromate 
and barium chromate (Table 2), were used in 
some of the intratracheal and in the intravenous 
mouse experiments. These materials were included 
in the study because they are relatively insoluble 
in water and could be introduced as particulate mat- 
ter suspended in saline solution. Furthermore, cases 
of bronchogenic carcinoma had been reported among 
the employees of two German plants which manu- 
factured chrome pigments.””” 


3. Exposure—(a) Inhalation Experiments: In 
order to reproduce, as closely as possible, the condi- 
tions existing in the chromate-producing plant, mice 
and rats were exposed by inhalation to the mixed 
chromate dust in a large dust chamber. The 
temperature of the dust chamber was maintained 
between 75 and 80 F and the relative humidity 
between 38% and 45%. The dust was delivered 
into the chamber by passing an air stream through 
a rotating drum containing the chromium material. 
The air stream then passed tangentially into a 
vertical pipe approximately 6 in. in diameter and 
20 in. in height so that the larger particles and 
clumps were thrown out of the air. The mass 


TABLE 2.—Composition of Chrome Pigments 


Crystallized Basic Zinc Chromate * 
Formula: K:0 -4 ZnO -4CrO,-3H.0 
Solubility in water: Slightly soluble in water with partial de 
composition to a less soluble product 
releasing into solution K;:CrO, and 
K.Cr.0; 

CrO; — 45.4 
ZnO — 373 
K:O — 10.7 
H:O — 65 


Ultimate analyses: 


Barium Chromate 


Formula: BaCrO, 
Solubility: 0.003 gm/100 ml. cold water 


* Tarr, O. F.; Darrin, M., and Tubbs, L. G.: Crystallized 
Basic Zine Chromates, J. Am. Chem. Soc. 66:929, 1944 
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TaBLe 3.—Analysis of Pulverized Roast Material 
by Solubility 


Water-soluble Cr *: 

Acid-soluble Cr* and Cr?: 1.5%- 4.5% CrO; Equivalent 
Acid-insoluble Cr *: 3.7%- 94% | 

Total Cr*+Cr *=10.9%-13.1% as Cr 


12.8%-14.2% 


median diameter of the air-borne particles, de- 
termined by the Cascade Impactor, was 0.84. The 
particle size distribution, measured microscopically 
with a Filar micrometer and oil-immersion objective 
on slides collected with the Owens Jet Impinger and 
the Electrostatic Precipitator, was as follows: 0.5y 
or less, 23% ; 0.5 to lp, 46% ; 1p to 2u, 14% ; 2u to 
3u, 9%; 3u to 4p, 4%; 4u to Su, 2%, and 5y and 
larger, 5%. This size distribution is comparable to 
that which exists in the air of the chromate-pro- 
ducing plants.* Approximately 3% of the air-borne 
dust was insoluble in water or acid. Air samples 
were collected in the dust chamber twice daily dur- 
ing the exposure period and were analyzed for 
soluble chromium. The procedure for insoluble 
chromium was too time-consuming for daily analy- 
ses. Approximately 90% of this soluble chromium 
was water-soluble and 10% acid-soluble. The ratio 
of water-soluble chromium to acid-soluble and in- 
soluble chromium in the air of the chamber was 
somewhat higher than that in the original material 
(Table 3). Also it was greater than that which the 
Public Health Service investigators * estimated as 
the weighted average exposure in the plants. From 
their data it seemed that the water-soluble fraction 
would account for 36% to 77%, the acid-soluble 
from 17% to 30%, and the insoluble from 6% 
to 32% of the weighted exposures in the plant areas 
where most of the cancer cases have occurred.* 
The concentration of the soluble chromium per 
cubic meter of air in the dust chamber was between 
1 and 2 mg. for the mice and 2 and 3 mg. (ex- 
pressed as CrOs) for the rats. By means of baffles 
and blowers the concentration of chromium in the 
different parts of the chamber could be held very 
constant at these two different levels. The cages 
were rotated daily so that all animals of the same 
species received comparable exposures. The animals 
were exposed four hours per day, five days per 
week until they died or were killed. These exposures 
were selected, since with higher concentrations or 
longer periods the animals developed gastroin- 
testinal symptoms due, at least in part, to licking 


* At the time these experiments were started, 
only the water-soluble fraction was considered im- 
portant. Following the Public Health Service study, 
additional experiments were undertaken to test 
higher concentrations of the water-insoluble acid- 
soluble fraction. These experiments have not been 
completed as yet. 
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the material from their fur and cages. In order 
to reduce the ingestion of chromate materials, 
food was withheld during the exposure and all 
animals were placed in clean cages immediately 
after each exposure. The concentration of chromium 
in the dust chamber was in the same range as that 
in the industry which was reported by Machle‘* 
to vary from 0.01 to 4.6 mg. per cubic meter in 
most areas. 

In order to determine if the chromium inhaled 
by the animals reached the lungs, chromium 
analyses were made on the lungs of a number of 
mice. The concentration of soluble and insoluble 
chromium was as follows: 


Latent Period, Cr/10 Gm. 
End of Dry Tissue, ug. 

Exposure to ———— 

Death, Days Soluble 


No. Mice Meg-Hr. 
in Group Exposure 


Insoluble 


480 2.3 
910 
1,205 5.1 
1,205 
1,205 i 2.1 


Analyses of the lungs of five rats showed 
variations in soluble chromium from 43yg. to 
107ug. per 10 gm. of dry tissue after about 100 
weeks exposure. Although the concentrations varied 
considerably, the data indicated that the chromium 
reached the deeper part of the respiratory tract 
of both mice and rats. The concentrations were, in 
general, lower than those found in the lungs of 
men who had worked in the chromate plant. These 
ranged from 28ug. to 1,600ug. of soluble chromium 
per 10 gm. of dry tissue.” 

In addition to the dust-chamber experiments, 
three experiments were performed to study the 
effects of short exposures to high concentrations of 
the mixed chromium dust. A few mice were placed 
in a box so designed that only their heads pro- 
truded into the dust-laden air stream. The chromium 
concentration was 15 to 25 mg. (expressed as 
CrOs) per cubic meter and the exposures were 
for one-half hour daily. To distinguish these ex- 
posures from the dust chamber (inhalation) ex- 
posures, they are termed box-inhalation experiments. 

Control mice were maintained for each experi- 
ment. They were similar in age, strain, and sex 
to the experimental animals but were kept in the 
stock animal rooms. Since Larsen® showed that 
the incidence of pulmonary tumors in mice was 
related to the weight gain on various diets, the 
food intake in the control mice was limited so 
that their gain in weight was maintained comparable 
to that of the experimental mice. 

(b) Intratracheal Experiments: In another series 
of experiments, various chromate materials were 
introduced directly into the trachea or bronchi of 


animals under ether anesthesia. In the mice a 
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blunt 1-in., No. 22 needle was inserted deep into 
the trachea through the mouth. For the rats an 
antrum trocar was placed in the trachea through 
which a catheter tube was inserted into one of 
the major bronchi. The material was introduced 
by this method directly into the lower trachea or 
bronchus. In order to be certain that the needle 
or trocar was in the respiratory tract and not in 
the esophagus, the protruding end was connected 
with a water gauge and tested for expired air 
bubbles before introduction of the dust suspension. 
The volume of material injected was 0.03 ml. for 
mice and 0.1 to 0.15 for rats. Five to six doses at 
four- to six-week intervals were administered to 
the mice, the frequency and total number of in- 
jections depending on their physical condition. 
Fifteen doses at two-week intervals were injected 
into the rats. After the last injection, the animals 
were kept without further exposure until death or 
the termination of the experiment. 


In 11 groups of mice and in all of the rats, 
the mixed chromium material used in the inhalation 
experiments was injected intratracheally. However, 
since this material was injected directly as recived 
from the chromate plant without regard to particle 
size, the ratio of the insoluble and acid-soluble 
fraction to the water-soluble fraction differed from 
that in the air of the dust chamber. The solubility 
data on the original material are given in Table 3. 
The dust was prepared as a 2% suspension in olive 
oil rather than saline solution to maintain the 
water-soluble fraction in particulate form at the 
locus of injection. The control animals for this 
group received similar doses of olive oil. In four 
groups of mice a 0.2% saline suspension of basic 
potassium zinc chromate and in two groups of 
mice a 1% saline suspension of barium chromate 
was injected. These concentrations were the highest 
which the mice could tolerate well. The control 
mice received similar doses of zinc carbonate or 
barium sulfate comparable to the experimental 
material in particle size and solubility. In addition 
to the specific control group which was a part of 
every intratracheal experiment, a second group of 
control mice, given saline alone intratracheally, was 
included in some of the experiments. 

The lungs from a few mice given intratracheal 


injections were analyzed for chromium. The results 
were as follows: 


Last Soluble Cr/10 

Type of Injection to Gm. Dry 

Dust No. Injections Death, Wk. Tissue, pg. 
f 1 0 161 
Mixed 5 18 296 
5 20 691 
3 0 1,331 
Zine chromate 4-5 24 540 
4 20 382 
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The mixed chromium dust was grossly visible 
in the lungs of all mice even when they were killed 
many months after the last injection. It appeared 
chiefly in the area where the bronchi enter the 
lungs but frequently extended deeper into the lung 
tissue. The dust had the original brownish-black 
color in most cases, but in some animals the par- 
ticles had a greenish appearance indicating reduc- 
tion of the hexavalent chromate to the trivalent 
form. The barium chromate and barium sulfate 
were grossly visible in the hilar region of the 
lungs of all mice. 

(c) Intravenous Experiments: For the intrave- 
nous experiments zinc chromate or barium chromate 
was injected into the tail veins of mice. Four or 
five doses were administered at four- to six-week 
intervals, after which the animals were kept without 
further treatment until termination of the experi- 
ment. The dose was 0.1 ml. of a 0.1% saline 
suspension for zinc chromate and 0.1 ml. of a 1% 
saline suspension for barium chromate. The control 
mice received similar doses of zinc carbonate or 
barium sulfate. The barium chromate material had 
an average particle size of 1.4u. No analyses were 
made to determine if this material reached the 
lungs because clumps of these particles were visible 
microscopically in the lung capillaries. The zinc 
chromate dust average 0.8 in diameter and was 
not visible in the lungs microscopically. However, 
analysis of lungs one week after a single injection 
showed a concentration of 235yg. of soluble 
chromium per 10 gm. of dry tissue. 


(d) Intrapleural Experiments: The mixed chro- 
mate dust was injected into the pleural cavity 
of a few mice. Four doses were given at four- to 
six-week intervals. Each dose consisted of 0.05 
ml. of a 2% or 4% suspension of the mixed dust 
in olive oil. The control mice were given similar 
injections with olive oil. 

4. Evaluation of Tumor Incidence —All animals 
which died or were killed were autopsied and the 
organs inspected for gross pathology. Each lobe 
of the lung was examined under a dissecting 
microscope with < 15-X< 30 magnification, and the 
number of tumors visible on the surface was 
counted. All areas which appeared to contain 
tumors were sectioned for histological confirmation. 
All other areas of the lungs which appeared ab- 
normal on gross inspection also were examined 
histologically. Benign and malignant tumors of 
other organs were studied similarly. 

The experimental mice were compared with their 
respective controls in regard to the following 
criteria: (1) per cent of mice with one or more 
tumors on the surface of the lungs; (2) average 
number of pulmonary tumors per all surviving 
mice; (3) average number of tumors per positive 
mice, i. €, mice with one or more pulmonary 
tumors; (4) per cent of mice with multiple pul- 
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Intratracheal Injection with Zine Chromate 


0.02-0.06 
0.02-0.06 
0.02-0.06 
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Intrapleural Injection w ith Mixed Chromium Dust 


Intravenous Injection with Zine Chromate 


Intravenous Injection with Barium Chr 


8 indicates animals given injections with saline solution only. 


monary tumors; (5) per cent of mice with more 
than four surface pulmonary tumors; (6) other 
abnormal pathology of the lung tissue; (7) malig- 
nancies of other tissues, and (8) mortality. The 
rats were compared with their controls in regard 
to (1) the presence of tumors in the lungs, (2) 
malignancies in other tissues, and (3) other ab- 
normal pathology of the lung tissue. 

The data were treated statistically for significance 
in each individual experiment and in combinations 
of comparable experiments after standardization 
for age. The differences between the experimental 
and control groups were considered significant when 
the difference was greater than twice the value 


of the probable error, i. e., P<0.05. 


Data and Results 


1. Mouse Experiments.—(a) Incidence of 
Lung Tumors in Mice: The data for each 
of the mouse experiments are presented in 
Table 4. Because the mice were killed at 
different ages and the number of spon- 
taneous tumors increases with age, the re- 
sults from comparable experiments could be 
combined only after standardization for age. 
This procedure was followed for the mice 
which survived until the experiments were 
terminated. The data from the mice which 
died during the experiment were stand- 
ardized also for age and combined with that 
for the surviving mice. The per cent of 
mice with tumors in the combined experi- 
mental groups are compared with various 


combined control groups in Table 5, and the 
differences divided by the standard errors 
are presented for statistical significances. 
The results on the whole were negative. 
No squamous-cell carcinomas were produced 
in any of the mice; all of the lung tumors 
appeared to be the usual type of adenomas. 
Furthermore, the per cent of surviving mice 
with tumors, the average number of tumors 
per surviving mouse and per tumor-bearing 
mouse and the per cent of mice with multiple 
tumors did not differ significantly in the 
chromate-exposed mice and their respective 
control groups. Analysis of the data from 
the mice which died yielded similar negative 
results. There were only three exceptions 
to these general negative results. First, in 
two intratracheal mixed dust experiments 
(A-strain female group) the per cent of 
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TasBLe 5.—Effect of Chromium Exposure on Incidence of Lung Tumors in Mice: 
Combined Data After Adjustment for Age 


Killed Mice, 
Tumor Incidence % 


Killed + Dead Mice, 
Tumor Incidence % 


Control 
Group 


Oil 
Saline 
Saline 
No inj. 
ZnCO, 


Experimental Exp. 


Group 


Type of 
Exposure 


Intratracheal Mix Cr in oil 


Oil alone 


Zine chromate Saline 


BaSO,. 
BaCroO, Saline 
Mix Cr dust No inj. 


Mix Cr dust No inj. 


Mix Cr dust in Oil 
oil No inj. 


Inhalation 
Box inhalation 
Intrapleural 


ZnCO, 
Saline 
BaSO, 
Saline 


Intravenous 
Zine chromate 


BaCrO, 


Intratracheal Oil 
Mix Cr in oil Saline 
No inj. 
Saline 
No inj. 
ZnCO; 
Saline 
No inj. 
No inj. 


Oil alone 


Zine chromate 


Mix Cr dust 
Mix Cr dust 


Inhalation 
Box inhalation 


*x 
- indicates the difference between experimental and control groups divided by the standard error of the difference. If the difference 
oO 


x 
was two or more times the standard error, the difference was considered statistically significant. If the value of 5 was less than 2, the 


difference was not considered significant and is listed as n. s. Yates correction was used when the number of mice in the group was less 


than 10. 


+ The tumor incidence in an experimental group may be different when compared with different control groups, since in the age 
adjustment calculations only those age groups can be included where both control and experimental animals are represented. 


surviving mice with lung tumors was 
significantly higher in the control mice 
injected with olive oil alone than in the 
experimental mice injected with olive oil 
plus chromate dust. When these experi- 
ments were repeated with another supply of 
olive oil obtained from the same source, no 
significant difference was found between 
the experimental and control groups. Sec- 
ondly, in the Swiss mice, although no 
sign-ficant differences appeared between the 
experimental and control mice in the in- 
dividual experiments, the combined data 
showed a significantly higher per cent of 
mice with tumors in the group given 
intratracheal injection with the mixed dust 
in oil than in the uninjected control groups 
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or those given saline solution. However, the 
difference between the mixed-dust-in-oil 
group and those given oil alone was not 
significant, and the oil alone produced a 
higher incidence of tumors than saline solu- 
tion. Hence, the higher incidence of tumors 
in the chromate-oil group over ‘the nonoil 
controls must have been due, in part at 
least, to the oil itself. Third, in the combined 
data the intratracheal zinc chromate group 
showed a significantly higher incidence of 
tumors than those given saline solution, but 
this difference was not evident when the 
data were compared with the zinc carbonate 
controls. 

The tumorigenic property of a chemical 
can be demonstrated not only by a higher 
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A-Strain Mice 
66.1 79.8 2.2 45.9 55.4 n. 
70.6 72.6 n.s. 43.2 39.4 n. s. 
ae 80.6 72.1 n.s. 65.7 57.4 n. Ss. 
84.1 63.9 2.9 67.0 48.8 3.1 
47.6 67.6 s. 39.6 54.1 Nn. s. 
wig 47.6 67.6 n.s. 
76.3 71.0 n. 8. 64.7 51.3 n. s. 
76.3 75.9 Nn. s. 62.0 59.2 s. 
57.0 57.8 n. s. 46.2 49.8 Nn. Ss. 
37.2 62.2 s. 20.7 61.6 n.s. 
61.0 66.7 Nn. s. 51.8 57.0 n. s. 
69.2 66.7 n. 
\ 80.0 63.6 n. s. 64.7 53.5 n.s. 
dade 76.3 63.3 N.S. 72.1 61.6 n.s. 
76.3 64.7 Nn. s. 70.4 61.3 N.S. 
28 Swiss-Strain Mice 
60.4 48.2 n.s. 46.0 39.9 n. s. 
: 60.6 22.6 3.2 46.2 23.3 2.1 
60.4 38.6 3.0 51.3 34.9 2.6 
48.1 22.6 2.1 41.3 23.2 n. s. 
48.1 38.8 n. s. 43.3 36.3 n.s. 
48.8 41.9 Nn. s. 42.3 36.4 n.s. 
Le 48.8 22.6 2.0 48.8 22.6 2.0 
a 46.4 38.7 n.s. 34.9 37.8 Nn. s. 
50.3 36.0 n. Ss. 42.3 30.8 Nn. s. 
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TABLE 6.—Age of Mice When Lung Tumors First Appeared 


Type of Exposure Material Strain 


Inhalation Mixed Cr dust A 
A 
Swiss 
A 
Swiss 
A 
A 


Swiss 


Box inhalation Mixed Cr dust 


Intratracheal Mixed Cr dust 


Swiss 
Intrapleural 
Intratracheal 
Intravenous 
Intratracheal 


Mixed Cr dust 
Zinc chromate 
Zinc chromate 
Barium chromate 


Intravenous Barium chromate 


incidence of spontaneous tumors at any 
given age but also by an earlier appearance 
of tumors and/or more rapid increase in 
the incidence of tumor-bearing mice than 
normally occurs. The ages at which tumors 
first appeared in the various groups are 
listed in Table 6. Since mice in experimental 
and control groups are not likely to die 
spontaneously at the same ages, the age at 
which a tumor is first seen may reflect 
merely an earlier death in one group than 
the other. In order to minimize this bias, 
the age of onset of tumors in the experi- 
mental and control mice was compared only 
where deaths extended over comparable age 
periods in the two groups and usually where 
some mice had died before the first tumors 
appeared. If a tumor occurred in the first 
animal which died in any group, it was 
possible that tumors may have been present 
at an earlier age but not detected. Where 
this occurred the age listed in the Table is 
followed by the words “or less.” Where 
no tumors appeared ‘in the mice which died 
but were found when a group was killed, 
this age is designated by a “k.” Differences 
of two weeks in age of onset of tumors 
were not considered significant, since the 
ages of the mice in the individual groups 
varied as much as one week. Within the 
limitations of these data, it appeared that 
pulmonary adenomas occurred at an earlier 
age in the experimental mice than in their 
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Age Period in Which 
Deaths Occurred, Wk. 


Age When First Tumor 


Cont. Exp. Cont. 


19 
54 (k) 
46 


27 
53 (k) 


38 (k) 

14 or less 
16 or less 
33 

39 

26 

62 (k) 


control mice when exposed to the mixed 
dust by inhalation or intrapleural injection 
and when given injections intratracheally 
or intravenously with the zinc chromate 
material. In order to determine if the 
incidence of tumor-bearing mice increased 
more rapidly with age in the chromate- 
exposed groups than in the control groups, 
the per cent of mice with tumors was 
calculated at each age decade for the mice 
which died, for those which survived, and 
for both groups taken together. These 
calculations were made for the inhalation- 
and intratracheally-treated groups separately 
and for both the A- and Swiss-strain mice. 
The data failed to demonstrate a more rapid 
increase in the incidence of tumor-bearing 
mice with age as a result of exposure to the 
chromium chemicals. 

(b) Other Lung Pathology in Mice: 
Two characteristic reactions were associated 
with the exposures. First, all of the A-strain 
mice and most of the Swiss-strain mice 
which were treated intratracheally with the 
complex zinc chromate in saline solution 
showed an epithelization of the alveoli. The 
reaction was not considered to be in the na- 
ture of lung adenomas or adenomatosis. A 
similar lesion in transplanted fetal pul- 
monary tissues has been called “bronchial 
The characteristics of 
this lesion and the possible relation of this 
reaction to carcinogenesis are being inves- 
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17-45 8-43 10 
20-51 13-53 43 & 
32-62 21-67 40 . 
19-27 10-28 | 22 
23-61 30-59 53 (k) é 
10-55 11-60 23 21 
14-53 8-57 53 53 
— 14-62 14-62 29 30 
4 18-60 16-43 38 (k) 

9-31 14-26 31 
11-35 16-37 44 (k) 
39-58 19-55 62 (k) 

31-49 11-49 34 

A 14-54 20-56 35 
es A 26-58 55 26 or less : 


tigated currently in another series of 
experiments. Secondly, the intrapleural in- 
jection of the mixed chromate dust in olive 
oil caused a massive inflammatory reaction 
with fibrosis which involved the entire lung 
on the side of the injection and which 
formed extensive adhesions of the lung to 
the thoracic wall. This mass contained con- 
siderable fat, oil, and chromium dust. Serial 
sections of this mass in eight mice showed 
no cancerous tissue. The injection of oil 
alone caused 
fibrosis. 

An attempt was made to determine if 
exposure to the chromium materials caused 
an increase in the types of lung pathology 
commonly found in mice. The diagnosis 
was made at the time of autopsy by the 
technician, and questionable areas were 
sectioned for confirmation by the patholo- 
gist. The abnormalities were classified under 
the following headings: (1) pneumonia, 
inflammation, consolidation, and/or conges- 
tion; (2) fibrosis; (3) bronchiectasis and 
bronchitis, and (4) abscesses. The extent 
of the lung involvement was not taken into 
account. The following results were ob- 
tained: In the mice which were killed the 
incidence of abnormal conditions classified 
as pneumonia, etc., was significantly higher 
in the experimental groups than in their 
respective control groups when exposed by 
inhalation to the mixed dust or when given 
intratracheal injections with the mixed dust 
or the barium chromate. No significant 
difference was observed when the mice were 
treated intravenously with zinc or barium 
chromate. Among the mice which died, 
those treated intratracheally with the mixed 
dust had a significantly higher incidence of 
abnormal conditions classified as pneumonia, 
etc., than their control group, whereas the 
inhalation group had a significantly lower 
rate than their control group. 
monary 


some inflammation but no 


Since pul- 
are common in mice, 
these differences may reflect spontaneous 
infections in the animal colony rather than 
an effect of the chromate exposure. No 
specific type of pneumoconiosis resulted 
from the chromate exposures. The injection 


infections 
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of oil with or without the chromate materials 
caused some bronchiectasis and fibrosis, and 
all intratracheal groups, control as well as 
experimental, exhibited more severe lung 
reactions than the 
groups. 

(c) Incidence of Tumors in Other Tis- 
sues of Mice: The experiments were not 
designed to study pathological changes in 
the tissues other than the lungs. However, 
all areas macroscopically suggestive of ma- 
lignant tumors of any type were checked 
histologically. Among the mice which were 
killed, 17 were found with malignancies; 
among those which died and were autopsied 
before autolysis occurred, 20 had malig- 
nancies. 


respective inhalation 


Of these malignancies, 10 were 
mammary carcinomas; 17, lymphosarcomas; 
4, leukemia, and 6, other types. A number 
of benign tumors also were observed. These 
tumors were distributed very evenly in the 
various groups and between the control and 
experimental animals. Rates were calculated, 
but the numbers were too small to have any 
significance. 

(d) Mortality: The mortality was higher 
among the experimental mice than among 
the control mice in 16 out of the 20 groups 
where the mixed dust was inhaled or in- 
jected intratracheally. The differences were 
usually statistically significant in those 
groups where the experiments were con- 
tinued over a period of at least 38 weeks for 
the A-mice, 49 weeks for the Swiss mice, 
and 32 weeks for the C57-mice. There 
were no consistent differences in mortality 
between the experimental and control mice 
when treated intrapleurally with the mixed 
dust or when treated intratracheally or 
intravenously with the barium or 
chromate material. 

2. Rat Experiments.—(a) Rat Inhalation 
Ixperiment: In the inhalation experiment 
110 rats (57 males and 53 females) were 
exposed to the mixed chromate dust in the 
dust chamber and 100 rats (48 males and 
52 females) of similar age distribution were 
kept as controls. During the experiment 53 
of the experimental and 50 of the control 
rats died, of which 10 experimental and 15 


zinc 
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control animals were discarded because of 
autolysis. Since the rats which died and 
those which were killed showed the same 
results, they were combined giving a total 
of 100 experimental and 85 control rats 
available for study. 

No rats developed bronchogenic  car- 
cinoma. Three control rats had malignancies, 
one a subcutaneous fibrosarcoma, 
mammary adenocarcinoma, 
lymphosarcoma 
lymph nodes. 


one a 
and 

involving the 
Five experimental rats had 
malignancies, four of which were lympho- 
Three of 
the lymphosarcomas involved the lungs, and 


one a 
mesenteric 


sarcomas and one a hepatoma. 


one of these appeared to have originated in 
the lungs. In addition, sections from two 
other experimental rats were diagnosed as 
questionable lymphosarcomas involving the 
lung tissue. Because of the small number of 
animals, the difference in the percentage of 
rats with malignancies in the experimental 
and control groups was not significant nor 
was the difference in the percentage with 
lymphosarcoma. Since a comparatively large 
number of lymphosarcomas were found in 
the experimental rats, a group of 306 normal 
stock rats of the same strains as those used 
in the experiments were killed at ages cor- 
responding to the age range of the experi- 
mental group. Three of these rats had 
malignancies, one of which was a lympho- 
Thus 4 out of the 100 experi- 
mental rats and 2 out of the 391 control 
rats had lymphosarcoma—a difference which 


sarcoma. 


was statistically significant. However, be- 
cause lymphosarcomas are not uncommon 
in rats, this finding, although suggestive, 
cannot be ascribed to the chromate exposure 
unless confirmed by other experiments.7 
No benign tumors were found in the lungs, 
and the incidence of such tumors in other 
organs was approximately the same in the 
experimental and control groups—7% in the 
experimental, 8% in the original control 
group, and 10% of the entire control group. 
The lungs were examined for other ab- 
normal conditions in addition to tumors. 


+ This experiment is now being repeated 
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Since pathological changes occur spontane- 
ously in practically all rats at older ages, it 
was difficult to determine the effects of the 
dust inhalation per se. However, as far as 
could be determined, the incidence of ab- 
normal pathology in the lungs did not differ 
significantly in the control and experimental 
groups. Pneumonia, inflammation, and/or 
consolidation were present in 50% of the 
100 experimental rats and in 44% of the 
original 85 control rats. Abscesses and/or 
bronchiectasis was present in 43% and 38% 
and fibrosis in 6% and 5%, respectively. 
The rats exposed to the chromate chemicals 
died at a higher rate than the control rats 
from the 25th to the 70th week of age, but 
thereafter the mortality rate was identical. 

(b) Intratracheal Rat Experiment: 
l‘orty rats (twenty males and twenty fe- 
males) were treated with the mixed chro- 


mate dust suspended in 


and 
forty-two rats (twenty-two males and twenty 
females) were treated with the oil alone. 


Autopsies were performed only on the rats 


olive oil 


which were killed. No malignant or benign 
tumors were found in any of these rats. 
The rats which were given oil plus the mixed 
chromate dust had a higher incidence of 
(1) pneumonia, inflammation, and/or con- 
solidation than those given oil alone, 91% 
as compared with 659%; (2) atelectasis, 
59% as compared with 13%, and (3) 
fibrosis, 73% as compared with 35%. No 
significant difference between the two groups 
occurred in the incidence of bronchiectasis 
and/or abscesses or emphysema. As would 
be expected, all types of pathological condi- 
tions were much more prevalent in the 
animals which were treated intratracheally 
with either the oil or the oil plus dust than 
in the inhalation-dust group or their con- 
trols. 


Comment 


A high rate of bronchogenic carcinoma 
has been found in men who worked in the 
old chromate chemical manufacturing plants. 
An attempt was made in these experiments 
to reproduce this condition in laboratory 
animals with chromium materials obtained 
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from a typical plant. The results on the 
whole were negative. Failure to reproduce 
lung cancer with these chemicals in rats and 
mice may have been due to a species dif- 
ference in susceptibility; to differences in 
the chemical or physical properties of the 
chromium materials or differences in con- 
centration or duration of the exposure from 
that in the plants; to other exogenous factors 
which may affect workmen but not animals, 
such as cigarette smoking or virus infec- 
tions, or to endogenous changes in man 
which might result from the specific nutri- 
tional or endocrine state of the men, 
sensitization, etc. 


Bronchogenic carcinoma, although com- 
mon in man, does not seem to develop 
spontaneously in rats and mice and has been 
produced experimentally with only a few 
chemicals (except those which emit ionizing 
radiation) but an increase in adenomas has 
been produced in mice with some chemicals 
which are carcinogenic for man. Hence, the 
failure to produce bronchogenic carcinoma 
with these chromium materials may be due 
to species differences, but the absence of an 
increase in adenomas probably cannot be 
attributed to this factor. 


An effort was made in these experiments 
to reproduce the plant exposures as far as 
possible, but even at best experimental con- 
ditions cannot duplicate completely the 
industrial environments. On the whole, the 
type of material, air concentration, and 
particle size were fairly comparable to that 
in the plant exposures. The dust in the 
inhalation experiments differed somewhat 
from that reported for the plants in its 
content of water-insoluble acid-soluble chro- 
mium, but this difference did not exist in 
the intratracheal experiments. In the intra- 
tracheal experiments the presence of oil may 
have altered the contact of the dust with 
the tissue in such a manner as to eliminate 
any carcinogenic effect. The concentration 
of chromium in the lungs of the animals 
may have been lower than that in the 
workers, but this would hardly explain the 
failure of these experiments, since low con- 
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trations of chromium were found in the 
lungs of some of the workmen who devel- 
oped cancer.'® 

Since these experiments were completed, 
Hueper has reported the production of 
cancer in rats by the intrapleural implanta- 
tion of the same material as used in these 
intrapleural mouse experiments. He sug- 
gested that the failure of other experi- 
menters to produce cancer with chromium 
materials might be due to insufficient ma- 
terial or excessive corrosive action of the 
materials, but neither of these explanations 
appear applicable to the intrapleural experi- 
ments described in this paper. Since the 
mice showed the same inflammatory reaction 
and dust retention as did the rats, the only 
important differences between Hueper’s and 
this experiment would seem to be the species 
of animals and the duration of the experi- 
ment. Perhaps the shorter exposure of the 
mouse did not allow sufficient time for a 
carcinogenic action. 

Additional experiments have been carried 
out in this laboratory with higher con- 
centrations of water-insoluble chromium 
materials. These experiments are not com- 
pleted. Other laboratories are studying this 
problem also. Since Hueper has produced 
some malignant tumors with the chromate 
roast, it seems possible that bronchogenic 
carcinoma may yet be produced if the effec- 
tive combination of species, material, dose, 
duration, etc., can be found. © 

The most interesting finding in this study 
was the epithelization of the alveoli which 
resulted from the intratracheal injection of 
the basic potassium zinc chromate. Further 
experiments are in progress to determine 
if this reaction is related to carcinogenesis. 


Conclusions 


1. The exposure of mice and rats to a 
mixed chromate dust in a dust chamber did 
not lead to the development of bronchogenic 
carcinoma or to an increase in the incidence 
of benign tumors of the lungs, although 
spontaneous tumors began to appear at an 
earlier age in the dust-exposed mice. The 
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intratracheal and intrapleural injection of 
this material also yielded negative results. 

2. Neither the intratracheal nor the intra- 
venous injection of basic potassium zinc 
chromate or barium chromate caused bron- 
chogenic carcinoma or an increase in pul- 
monary adenomas in mice. The intratracheal 
injection of the zinc chromate produced an 
epithelization of the alveoli, and both the 
intratracheal and intravenous injection of 
the zinc chromate led to an earlier appear- 
ance of adenomas. 

Dr. Chapman Binford and Dr. Harold Stewart 
made it possible for Dr. Lowney and Dr. Steffee, 
respectively, to participate in these experiments. 
Dr. William B. VandeGrift examined some of 
the rat tissues. Technical assistance was given by 
Mr. Vern n Otto, Miss Louise Margolet, and Mrs. 
Allegra Weaver. 
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Men and Animals 


Epidemiological studies** have demon- 
strated that men employed in old chromate 
chemical manufacturing plants have a higher 
rate of bronchogenic carcinoma than com- 
parable control groups. In an effort to 
determine the mechanisms by which chro- 
mium materials could influence the develop- 
ment of bronchogenic carcinoma, a series of 
experiments was undertaken to study the 
distribution and retention of chromium in 
the body and the reaction of chromium 
chemicals with the tissues. The first set 
of these experiments was devoted to the 
analysis of chromium in the lungs of men 
who had worked in old chromate chemical 
plants where an abnormally high rate of 
lung cancer had occurred. The objectives 
of these studies were (1) to determine if 
the presence or absence of cancer was re- 
lated to the concentration of chromium in 
the lungs and, if so, what concentration of 
chromium in the lungs represented a poten- 
tially dangerous level and (2) to determine 
if chromium was still present in the lungs 
of men who developed bronchogenic car- 
cinoma after the end of their exposure to 
chromium chemicals. The second set of 
experiments dealt with the fate of chromium 
chemicals when introduced into the respira- 
tory tract of laboratory animals. For com- 
parison, a few experiments were performed 
with intraperitoneal and intravenous injec- 


The third set 


tion of chromium chemicals. 
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of experiments was concerned with the 
solubility characteristics of the chromium 
which was retained by human and animal 
tissue after exposure to or injection with 
chromium compounds. In the fourth set of 
experiments the uptake of chromium by 


human and animal 


studied. 


tissues in vitro was 


A. Chromium Concentration 
in Human Tissues 


Methods 


Lung tissue and, where possible, other tissues 
were obtained at the time of pneumonectomy or 
autopsy * from 16 men who had been employed 
in old chromate chemical manufacturing plants. 
The workmen in these plants were exposed chiefly 
to insoluble chrome ore 
chromium is in 


(chromite), where the 
trivalent form; water-soluble 
hexavalent sodium chromate and potassium di- 
chromate, and intermediate acid-soluble 
trivalent and hexavalent chromium compounds. The 
tissues were analyzed for soluble} (water- and 
acid-soluble) chromium by a method developed in 
this laboratory by Budacz and described in the 
Appendix of this paper and for acid-insoluble 
chromium (chromite) by Cahnmann’s method.* 
Unfortunately, it is not possible in the analysis of 
biological material to differentiate between the 
soluble trivalent and hexavalent compounds. Lung 
tissue from two persons with no known exposure 
to chromium was analyzed as control tissue. Since 


various 


the concentration of chromium in these latter tis- 
sues was negligible, additional controls were not 
included. The concentration of chromium was cal- 
culated on the basis of wet, dry, and ash weight, 
but, because of the variability of the wet weight, 
only the results based on dry and ash weights are 
presented. 


* Dr. Russell S. Fisher, Chief Medical Examiner 
of Maryland, supplied some of these tissues. 

+The term soluble chromium throughout this 
paper refers to the total water and acid-soluble 
chromium as distinct from acid-insoluble chromium. 
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TABLE 1.—Average Concentration of Chromium in Human Lung Tissues 


ug. Cr/10 Gm., 


Years Estimated Dry Tissue Ash 
Lung Exposed Degree Latent 9 ——————-—- 
Case Cancer to Cr Exposure Period Soluble Insoluble Soluble Insoluble 
Chromate Workers 
13 + 42 Moderate 4wk. 622 242 15,350 6,015 
16 + 24 4 yr. 1,270 20,192 
16 + 20 4 mo. 705 14,295 
9 + 17 Heavy 2 wk. 375 163 20,150 8,270 
4 + 16 Heavy 7 mo. 778 170 29,500 6,586 
1 + 15 Heavy 2 wk. 1,611 362 32,900 7,460 
+ “4 14yr. 1,510 12,602 
8 + 13 Heavy 2 wk. 79 145 3,125 5,050 
17 + 914 Light 6 wk. 7 11,493 
3 + 7 Light 5 yr. 151 48 2,100 742 
2 + 2 Heavy 23 yr. 295 353 3,300 4,031 
6 — 19 Heavy 0 1,469 401 25,151 5,950 
7 - 13 Light 2 wk. 715 4,017 25,600 148,250 
18 -_* ll 3 mo. 1,105 42,384 
5 = 1% Light 2 yr. 203 132 5,815 741 
12 - 1% Moderate 10 days 28 0 540 0 
Controls 
10 — 0 0 
il + 0 1 25 
* Cancer in situ? 
Results of exposure and the time the tissue was 


Table 1 gives the average concentration obtained at autopsy or operation, and a very 
of chromium in the lungs of each case rough estimate of the degree of exposure 
studied, together with the presence or ab- based on the type of work which the man 
sence of lung cancer, the duration of performed. The cases with cancer are listed 
exposure, the latent period between the end separately from those without cancer, but 


TABLE 2.—Concentration of Acid-Soluble Chromium in Tissues of Respiratory Tract 


pe. Cr/10 Gm. Dry Weight of Tissue, 


Lobe of Lung 
‘Tumor Not 


Case Location RU RM RL LU LL Spec. 


Tumor Bronchi Trachea Septum Lymph Nodes 


13 LU 1,478 251 67 703 615 0 | 15 311 R313 

L 0O L 1,454 
15 Rt 1,270 
16 LL 616 t 40 158 

803 § 

9 RU 375 
4 RL 705 740 835 833 39 
1 RU 2,718 943 1,173 1,151 5 R_ 2,386 
14 RU 1,510 
s RL 79 
7 RU 700 284 
3 h* 265 175 187 60 66 10 R WV M4 53 1 

L 58 
2 &* 765 106 49 166 257 L 36 0 0-69 
6 None 580 1,655 146 RAS 4,080 
7 None 1,000 

429 ¢ 

18 None 1,105 
5 None 203 
12 None y2.) 19 3 45 


* Mainbronchus.; tNear hilus.; { Near periphery.; § Near tumor. ; Near bronchus.; © Cancer in situ? 
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within each group they are listed in order 
of duration of employment in the chromate 
plant. Table 2 shows the concentration of 
chromium in the different lobes of the lungs 
and in the other parts of the respiratory 
tract when such analyses were made. Since 
the concentration of chromium varied greatly 
from one lobe to another and even in dif- 
ferent areas of the same lobe, and since 
all lobes were not available for all cases, 
the average figures presented in Table 1 
have certain limitations. 

On the basis of the data presented in 
Tables 1 and 2, it appeared that the presence 
of cancer was not related to the concentra- 
tion of either the soluble or insoluble chro- 
mium in the lungs, at least not to the 
concentration found at the time the cancers 
became clinically recognized. This conclu- 
sion was based on a comparison of the 
minimum, maximum, and average concen- 
tration of soluble and insoluble chromium 
in the cancerous and the noncancerous cases 
and a comparison of the concentration of 
chromium in the cancerous lobes with that 
in the noncancerous lobes in those patients 
where various lobes were analyzed. In most 
cases where samples of different lobes were 
available, the concentration of both soluble 
and insoluble chromium was highest in one 
of the upper lobes. The concentration of 
acid-insoluble chromium reflects the ex- 
posure to the chromite ore. 

The concentration of chromium in the 
larger bronchi, where the cancers usually 
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TaBLe 3.—Concentration of Chromium in Blood and Urine of Men Exposed to 
Chromium Chemicals 


originated, was low in the five cases where 
analyses were made; the soluble chromium 
ranged from Oyg. to 58ug. and the acid- 
insoluble from Oyug. to 11lug. per 10 gm. of 
dry tissue. The concentration of chromium 
in the larger bronchi did not appear to be 
related to the presence of cancer nor to 
the concentration of chromium in the lung 
tissue. The concentration of soluble chro- 
mium in the tumors varied from Oug. to 
1,15lng. and of the insoluble chromium 
from Ong. to 88ug. per 10 gm. of dry tissue. 
The tracheobronchial lymph nodes were 
analyzed in five cases. The concentration 
of the soluble chromium varied from Oug. 
to 2,386ug. and the insoluble from 9ug. to 
741g. per 10 gm. of dry tissue. It was 
highest in those cases where the lung con- 
centration was highest. Small amounts of 
soluble chromium were found in the soft 
tissues of the body, but acid-insoluble chro- 
mium was not found in any organs except 
the lungs, tracheobronchial lymph nodes, and 
nasal cartilage. Comparatively little chro- 
mium was recovered from the bones. 

A most interesting finding shown in 
Table 1 was the high concentration of 
soluble chromium in the lung tissue of men 
whose employment in the chromate industry 
had ceased 2, 4, 5, and 23 years before the 
cancers appeared. The man with the 23-year 
latent period, according to his employment 
record, had not been exposed to any known 
chromium compounds during this latent 


Type of Exposure Case Cancer 


Chromate Mfg. Plant 


+ 
+ 
+ 


Chromite Brick Plant 


Time Cr, wg. 

End of Per 100 Gm. Blood 

Exposure —— — Perl. 

& Sample Cells Plasma Whole Urine 


2 wk. 14.0 1.7 5.9 51.2 
23 yr. 5.4 2.0 0 
5 yr. 3.0 0 3.6 
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period, and yet his lungs contained an ap- 
preciable amount of soluble chromium. 

Blood and urine analyses for chromium 
were made in only four cases, since similar 
studies were in progress in another labora- 
tory.6 The results are shown in Table 3 
together with the period between the end 
of exposure and the collection of the sam- 
ples. For comparison, similar analyses were 
made on the blood and urine from a man 
employed in a chromite brick plant. Most 
of the chromium was present in the cells, 
as previously reported for hexavalent chro- 
mium.? The blood concentrations reported 
here are comparable to those published in 
the literature.® 

The skin was analyzed for chromium 
in only one case. This sample, which was 
obtained from a chromate chemical worker 
who had had no known exposure to chro- 
mium for the preceding three years, con- 
tained 119ug. of chromium per 10 gm. dry 
tissue. Since this chromium must have been 
in a water-soluble form to be absorbed by 
the skin from external sources or to be 
taken up from the blood, its presence dem- 
onstrates the ability of this tissue to convert 
this soluble chromium into an_ insoluble 
form and to retain it for at least several 
years. 

B. Distribution of Chromium 
in Animal Tissues 

In order to study the fate of chromium 
compounds when introduced into the re- 
spiratory tract, quantitative analyses were 
made of chromium in the blood, urine, and 
tissues of animals after intratracheal injec- 
tion of water-soluble chromium compounds 
and in some cases after intraperitoneal and 
intravenous injections. 

Methods 

Guinea pigs were used for the distribution ex- 
periments because of the ease with which they 
could be given intratracheal injections and because 
sufficient blood and urine could be collected for 
analyses. A single dose of 200ug. of chromium, 
either in the form of the hexavalent sodium chro- 
mate or potassium dichromate or in the form of 
the trivalent chromic chloride (hexahydrate), was 
injected through a catheter directly into the trachea 
or upper bronchi. This small dose of chromium 
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was chosen in order to avoid, as far as possible, 
the pathological effects characteristic of larger doses 
of hexavalent chromates. One or two animals were 
killed immediately after injection and thereafter 
at intervals up to 60 days in the chromic chloride 
experiments and 140 days in the chromate ex- 
periments. The animals were killed by decapitation, 
and the blood was collected. Since all of the blood 
could not be obtained from the animals, the total 
amount of chromium in the cells and plasma was 
estimated by assuming that the plasma was 3.9% 
and the red blood cells 3.1% of the body weight. 
The blood, urine, lungs, liver, kidney, spleen, and, in 
a few cases, other tissues were analyzed for chro- 
mium by Budacz’s method. The blood was removed 
from the tissues as much as possible so that chro- 
mium in the blood did not distort the tissue results. 
Two experiments were performed with sodium 
chromate and one each with potassium dichromate 
and chromic chloride. 

For comparison with the intratracheal experi- 
ments a few animals were given injections intra- 
peritoneally and a few intravenously. These were 
killed at one and three days after injection. For 
the intravenous experiments, in order to prevent 
toxic symptoms, a dose of 100ug. of chromium 
was chosen rather than the higher dose used in 
the intratracheal experiments. For intraperitoneal 
injection 1,000ug. of chromium was required to give 
concentrations in the lungs which could be measured 
accurately by the analytical method used in these 
experiments. In order to compare the distribution 
of chromium when introduced by these various 
routes, all concentrations were expressed on a 
basis of a 200ug. dose. 


Results 


When the water-soluble chromates were 
injected intratracheally, only about 15% of 
the injected dose was recovered from the 
lungs of the animals killed 10 minutes after 
the injection. Twenty per cent was found 
in the blood and another five per cent in 
the liver, kidneys, and spleen altogether. 
None of the solution was visibly lost through 
the nose or mouth, but a _ considerable 
amount may have been cleared upward from 
the trachea and bronchi by the cilia and 
swallowed. Thus, a large part of the in- 
jected chromium which was not accounted 
for in the above tissues may have been in 
the digestive tract immediately after injec- 
tion and could have been absorbed later. 
Also on the basis of spot sampling small 
amounts of chromium were shown to be 
present in the other soft tissues which were 
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TaBLe 4.—Concentration of Chromium in Tissues of Guinea Pigs After Injection of 
Chromates and Chromic Chloride 


Cr/10 Gm. Dry Tissue/200 yg. Cr Injected, yg. 
Method of Time After 


Material Injection Injection Plasma Liver Kidney Spleen 


( 10 min. : 50 
1 day 12 
2 days 
4 days 

15 days 

30 days 

or 60 days 

K.Cr.0; | 90 days 

| 120 days 

140 days 
1 day 
3 days 
1 day 
3 days 


& 


| 


| Intratracheal } 


Intraperitoneal 


Intervenous 
{ 10 min. 
1 day 
| 2days 
Intratracheal 4 days 
15 days 
30 days 
60 days 
1 day 
3 days 
1 day 
3 days 


Intraperitoneal 


Intravenous 


o 


| 


TaBLe 5.—Total Chromium Recovered from Tissues of Guinea Pigs After Injection 
of Chromates and Chromic Chloride * 


ug. Cr/200 wg. Cr Injected 
Method of Time After -—--— — 
Material Injection Injection Lungs RBC Plasma Liver Kidney Spleen Urine 


10 min. 29 
1 day 22 
2 days 

| 4 days 

15 days 

Na:CrO, 30 days 

60 
- 90 days 
K.Cr.0; 120 days 
140 days 
1 day 
3 days 
1 day 
3 days 


= 
— 


Intratracheal 


A 
Om wnae 


~ 


Intraperitoneal 


Intravenous 


AA 


10 min. 
1 day 
2 days 
Intratracheal 4 days 
15 days 
30 days 
60 days 
1 day 
3 days 


ocoooooo 


> 


Intraperitoneal 


Intravenous 
( 3 days 


* All values above 0 and below 0.9 are listed as <1. 
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3 
| 
6 54 24 
10 49 34 
15 24 
= 10 32 
2 66 
3 97 
1 58 
0 65 
1 75 
= 1 34 
16 
12 20 
a 10 15 
13 26 
a 1,185 3 21 0 6 
a 656 2 8 0 12 
1,163 0 5 0 
; 944 1 4 0 6 
oe 705 0 1 0 4 
CrCl, 4 717 0 0 0 0 
256 
1 1 19 12 24 
4 2 <1 8 7 I 27 
a 23 4 28 7 28 
\ 1 1 25 3 37 
28 6 1 2 
6 <1 a7 
6 1 53 
1 34 
2 
2 
<a < 1 
< 1 
1 
18 <1 55 
se 19 <1 70 
28 <i 51 
31 <1 124 
138 3 <i 
2 <1 12 
He 135 0 <1 17 
Ae 86 1 <1 23 
67 0 < <1 
CrCl; 60 0 0 
26 
<1 1 <1 1 21 
<1 <1 5 <1 1 31 
<1 1 2 <1 1 130 


not analyzed regularly and are not included 
in the recovery calculations. 

During the first 24 hours, about 13% of 
the original dose was excreted in the urine, 
11% remained in the lungs, 8% in the red 
blood cells, 1% in the plasma, and about 
4% and 3% in the liver and kidneys, 
respectively. Chromium also was recovered 
from muscle, skin, and adrenals, but 
practically none appeared in the bones, even 
after 90 days. The chromium in all tissues 
except the lungs and spleen gradually 
declined to very low levels or disappeared 
within 140 days. In the spleen the concen- 
tration of chromium increased to a peak 
in about 30 days and then gradually declined, 
undoubtedly owing to the uptake of dis- 
integrating red blood cells containing chro- 
mium. However, even after 140 days, 
chromium was still present in the lungs and 
spleen in concentrations of 8ug. and 34uyg. 
per 10 gm. of dry weight respectively. The 
results were similar whether sodium chro- 
mate or potassium dichromate were injected. 
The concentration of chromium in_ the 
tissues and the total amount of chromium 
recovered from the tissues at various time 
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intervals after injection of the chromates 
are presented in Tables 4 and 5. The 
change in the concentration values with time 
is shown graphically in Figure 1. 

When chromic chloride was _ injected 
intratracheally, 69% of the dose was re- 
covered from the lungs of animals killed 10 
minutes after injection. Only 4% was found 
in the blood and other tissues which were 
analyzed. Part of the remaining 27% may 
have been regurgitated and swallowed. By 
the end of the first 24 hours, 6% was 
excreted in the urine, 45% was retained in 
the lungs, and only a very small per cent 
was found in the other tissues. The only 
tissue which showed any appreciable con- 
centration of chromium was the spleen dur- 
ing the first two days after injection of 
the trivalent chromium. Although the total 
amount of chromium in the blood was low, 
the concentration was higher in the plasma 
than in the cells. The data are presented in 
Tables 4 and 5. Thus, the lungs retained 
the trivalent chromium not only to a greater 
extent than the hexavalent form but also for 
a much longer period (Fig 2). At the end 
of 30 days after injection, 30% of the 


*——* LUNGS 
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MICROGRAMS 


CrClz 


20 
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NaeCrO4 
| — KeCro07 


40 50 60 


INJECTION 


Fig. 2——Micrograms of chromium in lungs after intratracheal injections of 200gg. of 


chromium as CrCl; or chromates. 


trivalent chromium was still present in 
the lung tissue, whereas only 2.4% of the 
hexavalent chromium remained in the lungs 
for that length of time. Corresponding 
figures for 60 days after injection were 
12% for the trivalent and 1.6% for the 
hexavalent chromium. 

The distribution of chromium also was 
determined at 24 and 72 hours after intra- 
venous and intraperitoneal injection of 
water-soluble hexavalent and trivalent chro- 
mium salts. The per cent of chromium 
recovered and the concentrations of chro- 
mium in the tissues at 24 and 72 hours after 
the injection of hexavalent and trivalent 
chromium compounds are compared for all 
three routes of injection in Tables 4 and 5. 
When either form of chromium was injected 
intravenously, more chromium was excreted 
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and more appeared in the blood than with 
intratracheal and usually than with intra- 
peritoneal injections. With the trivalent 
form the higher blood level was due to a 
greater plasma value. With the hexavalent 
form both the red blood cell and plasma 
levels were increased after intravenous in- 
jection, but the plasma concentration rapidly 
returned to the level found in the intra- 
tracheal experiments. In intraperitoneal 
injections, more chromium was excreted in 
the urine than with the intratracheal injec- 
tions. With hexavalent chromium, lower 
concentrations were consistently found in 
most of the tissues analyzed after intra- 
peritoneal injections than when injected by 
either of the other routes. With trivalent 
chromium, the liver concentration was con- 
sistently greater with intraperitoneal injec- 
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tion, probably owing to direct adsorption on 
the surface of this organ, and the spleen 
and plasma levels exceeded those following 
intratracheal injection. No chromium was 
found in the bones one to three days after 
the intratracheal injection of chromic chlo- 
ride or up to 90 days after injection with 
sodium chromate. 


C. Characteristics of Chromium 
Retained by Tissues ¢ 

Since chromium appeared to remain in 
certain tissues of the body even when in- 
jected in water-soluble form, experiments 
were performed to determine the solubility 
characteristics of this retained chromium. 
The first experiment was made on tissues 
from a guinea pig which was given an 
intratracheal injection of 200ug. of chro- 
mium as the soluble potassium dichromate 
and killed after four days. The lungs, 
spleen, liver, and kidneys were removed and 
ground in an all-g'ass homogenizer in ice- 
cold 0.14 N NaCl to remove most of the 
neutral, water-soluble material except deoxy- 
ribonucleoprotein. The tissue was then 
extracted with 1.0 N NaCl, in which deoxy- 
ribonucleoprotein is soluble, and finally with 
0.1 N NaOH to dissolve water-insoluble 
chromium complexes. Each fraction was 
analyzed for soluble chromium by Budacz’s 
method. Table 6 shows the distribution of 
chromium in the various fractions in the 
different organs. The lungs contained 75% 
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TABLE 6—Solubility Characteristics of Chromium 
in Guinea Pig Tissues * 


YJ Total wg. in Tissue 


Extracted 
Total sg. —-—— 
Recovered By 0.14N By1N By0.1N Remaining 
Tissue in Tissue NaCl NaCl NaOH in Residue 
Spleen 2.36 11 16.5 32.6 30.8 
Kidneys 2.94 0 38.0 30.6 31.3 
Liver 4.96 0 40.9 16.6 42.5 
Lungs 28.52 V7 9.7 16.5 66.0 
Total 
recovery 38.78 6.0 15.9 17.7 60.4 


* Recovery of chromium from tissues of a guinea pig given 200 
wg. of chromium as K.Cr,0; by intratracheal injection five 
days previously. 
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TasBLe 7.—Distribution of Chromium in Human 
Lung Homogenates Fractionated by 
Differential Centrifugation 


% Cr 
Remaining in % Crin 
Identification Nonhomo- Homogenate 

of Lung Cr in genizable Sedimented 

Sample Sample yg. Fraction at <1,000¢ 
Caps *.. 2.98 18 100 

18 

Case 2 2.25 34 100 
Case 2 f.....-. 1.03 49 100 
3.20 32 100 
Case 3 §..___- 3.44 49 100 
Case 3 t.......- 3.31 28 100 
Case 6 f...... 433 10 98.5 
331 44 99 


* Right upper lobe of lung. 

+ Right lower lobe of lung. 

+ Lung, lobe unspecified. 

§ Right middle lobe of lung. 

The chromium was determined by the method of Budacz for 
total water- and acid-soluble chromium. The figures do not 
include any insoluble chromite ore which may have been present 


of the recovered chromium, of which less 
than one-fifth was extractable by neutral 
saline washings. Chromium which reached 
the liver, spleen, and kidneys appeared to 
be in a more readily soluble form than that 
remaining in the lungs. However, contact 
with body tissues had definitely altered the 
solubility of at least a part of the adminis- 
tered chromium. 

The second experiment was made on 
homogenates of human lung tissues. The 
material used was frozen autopsy specimens 
of lungs from two workers who had been 
exposed to chromium compounds and who 
had died of lung cancer, and also from one 
worker who had died with no sign of lung 
cancer. The latter worker, Case 6 in Table 1, 
died during the time of his employment in 
the chromate industry and consequently had 
a very high content of soluble (water- + 
acid-soluble) chromium in his lung tissue. 
The other two workers, Case 2 and Case 3 
in Table 1, died of lung cancer 23 and 
5 years, respectively, after their final ex- 
posure to chromium. They had much less 
soluh* + chromium in their lungs, since it is 
continuously, though slowly, absorbed from 
this organ. The lung samples were minced 
and incubated for 24 hours at 45 C and a 
pH of 7, with commercial papain, in the 
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hope that the proteolytic enzyme would 
hydrolyze enough connective tissue to permit 
a complete homogenization of the lung 
sample in the Potter-Elvehjem all-glass ap- 
paratus. This was never entirely successful, 
as shown in the third column of Table 7, 
and from one-tenth to one-half of the total 
soluble chromium in the sample remained 
attached to or imprisoned in the cohesive 
tissue which could not be homogenized by 
any amount of grinding. The homogenates 
were made in 0.88 M sucrose, with the 
intention of carrying out a differential 
centrifugation to separate nuclei, mitochon- 
dria, and microsomes. In every case, how- 
ever, so large an amount of the soluble 
chromium present in the homogenate was 
sedimented by slow centrifugation that 
further fractionation of the supernatant was 
unnecessary. 


Because the soluble chromium in the lung 
tissue was so resistant to aqueous extraction, 
two samples of lung from Case 6 were 
homogenized and extracted with acetone in 
the cold to test the possibility that the 


chromium was bound to lipid material. 
Subsequently, these same lung samples were 
extracted for 24 hours in the cold with 
1 N NaOH. Neither of these procedures 
extracted any chromium. When a lung 
sample which had been homogenized in 
water was dried and extracted with 1.6 
N HNO, for 72 hours in the cold, about 


10% of the soluble chromium present in 
the lung sample was dissolved, and a second 
extraction removed another 1%. It was 
evident that most of the chromium was not 
present as a simple salt, since it would have 
dissolved in dilute base. 

These experiments on animal and human 
lung tissue, therefore, indicate that the 
chromium retained in the lung tissue was 
present either as a water-insoluble acid- 
soluble material possibly formed by reduc- 
tion of the chromate or was absorbed by 
the cell membrane or cellular debris or 
combined with nuclei or some molecule of 
sufficiently high specific gravity to sediment 
in a relatively low field of gravity. 

D. Uptake of Chromic and Chromate Ion 
by Lung Tissue Slices ¢ 


Because of the change in solubility of 
chromium compounds when injected into 
the body, a few experiments were per- 
formed in vitro to study the reaction of 
tissue slices with chromium compounds. 

Method 

Slices of lung tissue were bathed in 25 ml. of 
Ringer’s solution containing 800ug. of chromic 
chloride (hexahydrate), sodium chromate, or po- 
tassium dichromate. The slices were made from 
the lungs of guinea pigs and rats which had never 
been exposed to chromium and from a few lung 
samples obtained at autopsy from humans with no 
history of lung disease or of exposure to chromium. 
The slices were cut by hand and were approximately 
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TasLe 8.—Reaction of Chromic and Chromate Ion with Lung Tissue in Vitro * 


Mg. Cr/10 Gm. of dry tissue, bound by tissue slices. 


Rat Lung 


Chemical Time in Human Lung —— 


Guinea Pig Lung Guinea Pig 


in Bath Bath, Hr. Thin Slices Thin Slices 


Na,CrO, 1.540.7 
48414 
7840.7 


3.041.1 
16.0+6.9 
10.6+1.3 


10.640.3 
7.7418 
12.3 


2.840.5 
15.642.7 
14.643.8 


29.9419.4 
58.7414.7 
66.9417.9 


6841.4 
63.1+7.0 
69.0+6.1 
114 


Thick Slices Thin Slices Thick Slices 


Liver 
Thin Slices 
1,740.2 
16.1+0.7 


2.540.4 
16.6+2.9 
23.643.6 
19.7+0.1 


1840.1 
12.642.5 


4140.8 
16.143.2 
20.642.7 
20.144.0 


5.640.7 
26.640.2 


5.3842.0 
48.047.7 
48.348.3 
26.34+1.6 


* The figures after + are the standard deviations, calculated where more than one value was determined. 
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114 
K.Cr.0; 1 1.1 1.9 
a 24 10.6 15.5 
eS 48 12.3 23.9 
crcl, 28 2.5 
18.6 40.0 
22.0 59.0 


1 mm. in thickness for the “thin” slices and 2 mm. 
for the “thick” slices. They were washed with 
Ringer’s solution to remove any blood adhering to 
the surface. Serial slices were prepared for each 
piece of tissue and were distributed in the various 
flasks in rotation until nine slices were present 
in each flask. Each experiment was repeated sev- 
eral times. By these procedures the effect of any 
variation in the surface area of the slices was 
reduced to a minimum. Several of the slices were 
removed from the flasks at intervals of 1, 24, 48, 
and 114 hours, washed with Ringer’s solution twice 
and with distilled water once, dried and weighed, 
and analyzed for soluble chromium. In one case 
guinea pig liver slices also were tested to see 
whether they would show the same pattern of 
uptake as the lung slices. 

Results 

Table 8 summarizes the results. All of 
the tissue slices took up the trivalent chro- 
mium at a faster rate and to a greater extent 
than the hexavalent chromium. The liver 
and lung slices of similar thickness followed 
nearly the same pattern of chromium bind- 
ing, showing that the lung does not have 
any peculiar affinity for chromium. In most 
cases, the thicker slices, which were cut 
approximately twice as thick as the other 
slices, contained a ratio of chromium to dry 
tissue which was approximately half of that 
in the thin slices. This would indicate that 
the reaction occurred principally on the 
surface of the slices. The sample which 
remained in the bath of chromic chloride 
for 114 hours contained no more chromium 
than those removed after 24 hours, while 
those in contact with chromate and dichro- 
mate solutions continued to bind chromium 
slowly. 

To determine if reduction of the hexava- 
lent chromium occurred, the supernatants 
from the chromate and dichromate solutions, 
in which the lung slices had been bathed, 
were analyzed. Solutions containing no 
significant amounts of organic material may 
be analyzed for their content of hexavalent 
chromium and for total chromium, and by 
the difference, the concentration of reduced 
chromium may be determined. When this 
procedure was carried out, it was found that 
from 11% to 19% of the total chromium in 
the supernatant solutions was in the reduced 
form. 
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Not enough lung samples were tested to 
allow any definite conclusions with regard 
to species differences in the behavior of 
lung slices toward chromium, but it appeared 
that the tissues of all these species reacted 
in the same manner with these chemicals. 


Comment 

These studies on the distribution and 
retention of chromium in body tissues 
were undertaken in an effort to understand 
the relation of chromium materials to 
bronchogenic carcinoma. The first set of 
experiments was performed to determine if 
the occurrence of cancer in chromate chemi- 
cal workers was related to the concentration 
of chromium in the lungs. No such quantita- 
tive relationship was evident from the 
available data. Thus, the concentration of 
chromium in lung tissue obtained at opera- 
tion or autopsy cannot be used to determine 
if chromium was the causative agent in cases 
of lung cancer nor can a “safe” level of 
chromium in the lungs be specified. The 
experiments showed that chromium re- 
mained in lung tissue for years after the 
end of exposure and thus might be a factor 
in the cancers which developed in some 
chromate workers many years after their 
exposure ceased. 

Although bronchogenic carcinoma has 
occurred in men exposed to chromium 
chemicals, animals exposed to comparable 
materials in this laboratory failed to develop 
cancer. In view of this fact, it seemed 
possible that human bronchial or lung tissue 
might have a greater affinity for chromium 
than that of other species. No experiments 
were made on the bronchial mucosa per se, 
but a series of experiments were carried 
out on lung tissue containing the smaller 
bronchi. The results indicated that the lung 
tissue of man did not differ greatly from 
that of rats and guinea pigs in the ability 
to bind chromium. Since all of the cancers 
in man attributed to chromium exposure 
have been located in the respiratory tract, 
studies were made to determine if the lungs 
had a greater affinity for chromium than 
other tissues. Experiments on guinea pigs 
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showed that chromium when introduced 
intravenously or intraperitoneally was not 
taken up by the lungs in any greater amount 
than by the other soft tissues. In vitro 
studies similarly showed that lung and liver 
tissue of guinea pigs did not differ in their 
uptake of chromium. Hence, the absence of 
cancers in nonrespiratory tissue of man and 
the failure to produce lung cancer in animals 
cannot be attributed to a greater capacity 
of human lung tissue to bind chromium. 

These experiments do not supply any 
definite information on the specific chro- 
mium material which is responsible for the 
high rate of bronchogenic carcinoma among 
men employed in the chromate chemical 
industry. Various chromium compounds 
have been suggested as the causative agent: 
the insoluble chrome iron ore (chromite) °; 
the water-soluble hexavalent chromates,!:*” 
and the intermediate water-insoluble acid- 
soluble tri- and hexavalent compounds.** 
No sound evidence has been published in the 
literature to incriminate the chrome iron 
ore, which is a very inactive material. In 
fact, the epidemiological evidence is against 
this view. The Public Health Service 
investigation * showed that men exposed to 
high concentrations of chromite dust in a 
chromite refractory plant had a normal rate 
of cancer of the respiratory tract. Although 
no epidemiological study of cancer in chrome 
miners has been made, Perkins,’* who 
inquired into this problem, reported that no 
cases of bronchogenic carcinoma had been 
known to occur in the chrome mines of 
New Caledonia, Southern Rhodesia, or the 
Transvaal, where mining operations have 
been in progress from 12 to 50 years. The 
experiments reported in this paper did not 
give any evidence on the role of the in- 
soluble chromite in the production of cancer. 
However, the analyses of human lung tis- 
sues from men who worked in the chro- 
mium chemical industry indicated that there 
was no relationship between the concentra- 
tion of insoluble chromium and the presence 
of cancer. In fact, the man with the highest 
insoluble chromium content in his lungs did 
not have lung cancer. 
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The Public Health Service investigators 
and Hueper*!* favored the acid-soluble 
water-insoluble chromium compounds as the 
agent responsible for the production of the 
cancers, on the theory that these compounds 
would remain longer in the lung tissue than 
the soluble chromates. These experiments 
demonstrated that water-soluble hexavalent 
and trivalent compounds when injected into 
animals, when in contact in vitro with body 
tissues, or when absorbed by the skin of 
man were converted, in part at least, into 
water-insoluble form in the tissues and re- 
mained there for long periods of time. This 
reaction was especially characteristic of 
chromic chloride. However, the character 
of the chromium which would be released 
gradually from such tissue might be very 
different in composition and quantity from 
that produced by slowly dissolving acid- 
soluble dust particles. 

The mechanism by which soluble chro- 
mium is bound by the body tissues is not 
altogether clear. At the pH of the body 
fluids, the trivalent cationic chromium would 
be precipitated as the water-insoluble 
hydrous chromic oxide or as a precipitate 
with those proteins which have an isoelectric 
point below this pH.” Either of these 
reactions could explain the retention of 
chromic chloride at the point of contact with 
the tissues which was found in both the in 
vivo and in vitro experiments. That which 
reached the blood was taken up from the 
plasma chiefly by the spleen, indicating that 
it was in a colloidal form. There was no 
evidence to indicate that the cationic chro- 
mium penetrates the cells. 

The hexavalent chromates, on the other 
hand, are soluble at the pH of the body 
fluids and thus when injected into animals 
are distributed widely throughout the body 
tissues. When in contact with tissue slices, 
the anionic chromate ions were slowly taken 
up over a long period of time in contrast to 
the cationic chromium ions, which rapidly 
reached an end point of uptake by the 
tissue. The slower, continuous uptake of 
the hexavalent chromium may be explained 
by assuming that the chromate ions react 
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with the tissue or become bound only after 
gradual reduction to the trivalent state. 
These experiments showed that some reduc- 
tion of the chromate occurred. On the other 
hand, if chromate anions can penetrate lung- 
tissue cells, as has been reported for 
erythrocytes,*? the slower but continuous 
uptake might be due to gradual penetration 
of the chromate ions into the cells. 

If the negatively charged chromate ions 
pass through the cell membrane, which seems 
probable, reduction of the chromate ions 
and the accompanying oxidation of some 
molecules within the cell would occur. Ac- 
cording to Clark,’ cell proteins which have 
their isoelectric point at or above the cell 
pH would be precipitated with the anionic 
chromate ion. Reaction with nucleic acids 
also may occur, as reported in vitro.’® 
Since the production of cancer must be 
related primarily to changes within the cells, 
it would seem that the chromate anion might 
play a more important carcinogenic role 
than the trivalent cationic chromium. How- 
ever, these experiments give no lead as to 
how such changes within the cell could 
produce cancer, especially after the end of 
exposure. It would seem that some other 
intrinsic or extrinsic factor must be super- 
imposed on these changes produced by the 
chromium in order to initiate abnormal 
tissue growth. 


Summary 


Epidemiological evidence has demon- 
strated that men employed in the chromate 
chemical manufacturing industry have a 
higher rate of bronchogenic carcinoma than 
comparable control groups. The experiments 
described in this paper were undertaken to 
investigate the role of chromium chemicals 
in bronchogenic carcinoma. The following 
results were obtained : 

1. Analysis of lung tissue from men who 
had worked in a chromate chemical produc- 
ing plant indicated that the presence or 
absence of lung cancer was not directly 
related to the concentration of soluble or 
insoluble chromium (chromite) in the lung 
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tissue. Soluble as well as insoluble chro- 
mium was found in the lung tissue of men 
who developed cancer many years after the 
end of expesure. The soluble chromium 
found in the lungs of men at autopsy was 
firmly bound by cellular tissue and was 
insoluble in saline, acetone, and dilute base 
but readily soluble in concentrated acid. 

2. Water-soluble sodium chromate or 
potassium dichromate, when injected into 
the trachea of animals, was removed rapidly 
from the lungs within a few days, except 
for a small amount which was still present 
140 days after injection. Some of the chro- 
mium was excreted, some was distributed 
to the soft tissues, and a large part was 
taken up by the erythrocytes. The concen- 
tration of chromium in the spleen increased 
as the red blood cell concentration decreased. 

3. Water-soluble chromic chloride, when 
injected into animals, remained fixed to a 
large extent and for long periods at the 
location of injection. In the blood the 
trivalent cationic chromium was found in 
the plasma but was rapidly lost, apparently 
taken out by the spleen either as the in- 
soluble chromic hydroxide or precipitated 
with the proteins. 

4. The water-soluble hexavalent and tri- 
valent chromium retained by the tissues was 
in a form insoluble in saline extractants. 

5. Lung slices bound chromium to a 
greater extent and more rapidly when in 
contact with chromic ions than when in con- 
tact with chromate or dichromate ions. The 
reaction with the cationic chromium ap- 
peared to be at the surface of the lung slices 
and to reach a fixed end point. Part of the 
hexavalent chromium was reduced to the 
trivalent form when in contact with lung 
slices. 

6. Little, if any, chromium was found in 
the bones of men or animals exposed to 
chromium. The bronchogenic cancers often 
contained little or no chromium. 

The relative importance of hexavalent 
and trivalent chromium as factors in the 
production of bronchogenic carcinoma is 
discussed. 

615 N. Wolfe St. (5). 
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Appendix 
Colorimetric Determination of Chromium 
in Biological Materials § 


The procedures for the analysis of 
microamounts of chromium in_ biological 
materials described in the literature °!7*! 
were found unsuitable for these investiga- 
tions. Therefore, experiments were under- 
taken in this laboratory to determine a 
relatively simple and more accurate method 
for the particular tissues analyzed in these 
studies. 

Procedure.—Ashing: Put 0.3-5 gm. of 
dried tissue into a weighed Kjeldahl flask. 
(Flasks of 10 and 30 ml. capacity were 
used.) Add 1-5 ml. nitric acid (depending 
on the amount of tissue). Shake and allow 
to stand a few minutes. Add 0.1 ml. perox- 
ide. Shake. The flask will become warm, 
and the mixture will begin to foam. Add 
3-5 drops of capryl alcohol from a 1 ml. 
tuberculin syringe with a No. 27 needle. 
The flask will become hot, and a vigorous 
reaction will ensue. If foaming continues 
after the reaction subsides, tap the flask 
gently on the palm of the hand. Add 3 
more drops of capryl alcohol. When foam- 
ing subsides, put the flask on a hot plate, 
set at about 300 C, and allow the mixture 
to reflux until a dry black ash remains. To 
get complete evaporation it is sometimes 
necessary to raise the temperature slightly. 
If there is much carbon (as from dried 
samples weighing more than 2 gm. or from 
red blood cells) the ash will remain tarry. 


§ By Veronica L. Budacz. 
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In this case, cool the flask, add 2-3 ml. 
nitric acid, and evaporate on the hot plate 
to dryness. Place the flask overnight in 
a muffle oven set at 450-500 C. (If there 
are no exposed coils in the oven, the flask 
needs no protection against contamination. ) 

The next morning cool the flask. If the 
ash is white, no further ashing treatment is 
necessary. If the ash is gray or black, add 
1-5 ml. nitric acid depending on the amount 
of carbon present. Put the flask on the hot 
plate, set at about 300 C, and reflux the 
mixture until a dry ash remains. Return 
the flask to the muffle oven at 450-500 C. 
If the amount of carbon is slight, a white 
ash will be obtained after about an hour of 
heating. If the amount of carbon is large 
(as from 5 gm. of dried liver), allow the 
flask to remain in the oven overnight. Re- 
peat the treatment with nitric acid and the 
heating in the muffle furnace until a white 
ash is obtained. The ash of red blood cells 
will be orange. 

Solution: Cool the flask. Add 0.5 ml. 
nitric acid, 2 drops 0.015% sodium sulfite, 
and 0.2 ml. hydrochloric acid to the ash. 
Heat on the hot plate set at 300 C until 
the sides of the flask are well washed with 
vapor and the ash dissolves. If the ash 
does not dissolve completely before the 
brown vapors of the nitrogen oxides dis- 
appear, remove the flask, cool, add 0.2 ml. 
hydrochloric acid, and heat again. (If the 
ash weighs more than 0.15 gm., 1 ml. 
nitric acid, 4 drops sodium sulfite, and 
0.4 ml. hydrochloric acid should be used 
for solution.) After solution is effected, 
evaporate the contents by swirling each 
flask over a low open flame until only a 
few drops of acid are left. (The contents 
may be evaporated on the hot plate set at 
350 C if the flask is turned frequently to 
prevent baking.) Immediately add 2 ml. 
distilled demineralized water from a 5 ml. 
syringe with a No. 20 needle. Evaporate 
the water over an open flame (or a hot 
plate if watched closely) until only a few 
drops of water remain. Repeat the addition 
of water and the evaporation. Immediately 
add 1 ml. water to the flask. 
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CHROMIUM DISTRIBUTION AND RETENTION 


Oxidation: Add 2 ml. or, if the ash 
weighs over 0.15 gm., add 3-4 ml. sodium 
hydroxide-bromine reagent. If the yellow 
color of bromine persists, add concentrated 
sodium hydroxide dropwise from a hand 
pipet until the bromine color is discharged 
and ferric hydroxide precipitates. Shake 
the flask after each drop. Test the pH to 
see if it is definitely alkaline. Wash the 
sides of the flask with 1 ml. water. Bring 
the mixture to a boil on a hot plate or over 
an open flame. Cool. Transfer the mixture 
to a 15 ml. centrifuge cone by means of a 
hand pipet. Centrifuge until the precipitate 
is well packed. Decant the supernatant solu- 
tion into a 10 ml. volumetric flask. (If 4 
ml. of oxidizing reagent were used, decant 
the solution into a 25 ml. volumetric flask.) 
Wash the sides of the Kjeldahl flask with 2 
ml. of 0.3% sodium chloride with use of 
a 5 ml. syringe with No. 20 needle. Bring 
the wash to a boil. Add the wash to the 
centrifuge cone. Repeat the washing and 
boiling. Add this second wash to the cen- 
trifuge cone. Stir the wash and residue 
with the tip of a hand pipet. Centrifuge. 
Combine the supernatant solution with the 
liquid in the volumetric flask. 

Carbazide Test: Add concentrated sul- 
furic acid dropwise from a 0.1 ml. pipet to 
the volumetric flask. Swirl the flask after 
each drop. (Generally, only 1 drop is re- 
quired.) As soon as the yellow bromine 
color returns, test the pH with use of 
Hydrion pH paper. The optimum pH is 
1.5. If the pH is not sufficiently acid, add 
5 N sulfuric acid dropwise from a 0.1 
cc. pipet until the desired pH is reached. 


TABLE 9.—Standardization of Method 


Cr Recovered, ug. 
Cr 
Added to No. 


Stand. Mean 
Tissue, Obser- Error % Cr 
ue. vations Range Mean Mean’ Recovered 
0.74 7 0.62-0.73 068 + O16 91.35 
1.47 7 1.31-1.44 138 + .020 93.63 
2.94 7 2.71-2.88 2.78 + .025 94.72 
441 7 4.03-4.19 409 + .026 92.79 
5.88 §.10-5.59 543 + .055 92.43 
7.35 7 6.25-6.88 6.63 + .080 90.19 
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Rapidly add 0.5 ml. phenol from a dropper. chromate to 10 ml. distilled water and to 
Shake immediately. Add 0.5 ml. carbazide 0.3 gm. of dried pulverized normal lung 
reagent. Bring to volume with water. Read tissue. The water standards were subjected 
the optical density within 30 minutes in a_ to the carbazide test only; those with tissue 
Beckman Spectrophotometer at a wave were run through the entire analytical pro- 
length of 543 mp and 0.03 mm. slit width. cedure. The data are presented in Table 9 

Standardization.—Standards were pre-and Figure 3. Similar results were obtained 
pared by adding various amounts, from by adding 0.5yg. to Sug. of chromium as 
0.74ug. to 7.35ug., of chromium as sodium potassium dichromate to water and tissue. 


0.600 
0.500F 
0.400F 
D I 
z 
0.300}+ 
< 
0.200F 
a 
° I NapgCrOg added to water 
O0.100F 
I Na,CrO, added to lung tissue 


| 2 3 4 5 6 7 8 
MICROGRAMS OF CHROMIUM ADDED 


Fig. 3—Standardization Curves 
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The Toxicity of Methyl Divinyl Acetylene 


WILLIAM T. ROCKHOLD, Ph.D., Norwich, N.Y.; PAUL G. WRIGHT, and HERBERT E. STOKINGER, Ph.D., 


Cincinnati 


A newly synthesized acetylenic derivative 
has been studied in these laboratories to 
evaluate the potential hazard involved in 
its use. The compound, 2-methyl-1,5-hexa- 
diene-3-yne, is generically known as methyl 
divinyl acetylene. At the start of these 
experiments little information was available 
on the chemical reactivity of this compound, 
and no information was found relative to 
its toxicology. This study was undertaken 
to determine the toxicity to various labora- 
tory animal species and the degree to which 
this toxicity was manifest. Limitations in 
the amount of the compound available pre- 
cluded chronic toxicity studies; therefore, 
only acute toxicity studies are reported. 


Physical and Chemical Properties 


Methyl divinyl acetylene is a flammable 
(fire point of 70 F) colorless liquid, 
insoluble in water. It is shock-sensitive but 
safe enough to be shipped under I. C. C. 
regulations. The compound has the follow- 
ing structure: 


CH; 


=CHe 
Physical constants determined for the 
compound include molecular weight, 92; 
specific gravity, 0.785 come melting point, 
<-—65 F; boiling point, 226 F at 750 mm. 
Hg; refractive index (N72), 1.4971. 
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An infrared spectroscopic examination 
of this compound was made at the begin- 
ning of this study to obtain a permanent 
record of the physical description of this 
substance and to determine the possible use 
of this technique as an analytic method. 
The infrared spectrogram, prepared with a 
Perkin-Elmer Model 21 spectrophotometer 
and a 0.025 mm. fixed liquid cell, is pre- 
sented in the Figure.* Examination of 
several absorption bands produced by this 
compound has resulted in the following 
correlations with known chemical groups: 
3.20n, C-H stretching of —CHe; 3.34p, 
C-H stretching of CHg; and the 5.454 
doublet, C= _ stretching; 6.17%, C-C 
stretching; 6.904 doublet and 7.754, C-H 
bending, and 7.25y, either a CH; bending 
or deformation vibration. The bands be- 
yond 8 have not been assigned in the 
present study. The assignments listed pre- 
viously account for the bond types and 
chemical groupings present in the molecular 
structure of the compound. 


Acute Toxicity Studies 
Animals and Diet 


The animals used in this study were rats and 
rabbits. The rats were a derived Wistar strain 
supplied by a local breeder and were maintained 
on Rockland rat diet fed ad libitum. Their weights 
were between 200 and 300 gm. at the start of the 
experiments. The male albino rabbits used weighed 
approximately 2 kg. at the start of the experiments. 
Their diet consisted of Purina Rabbit Pellets fed 
ad libitum. 


Oral Toxicity 

Methyl divinyl acetylene, when given by gavage 
to rats, proved relatively innocuous. Four geometri- 
cally spaced oral doses of from 0.2 to 3.2 gm. 


*The infrared spectrogram and its interpreta- 
tion were developed by Mr. Robert G. Keenan, 
Assistant Chief, Analytic Services. 
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per kilogram administered to rats were without 
lethal effects or signs of toxicity even at the 
highest dose tested. One rat of four that re- 
ceived 1.6 gm. per kilogram of the compound 
died on the fifth post-treatment day. Gross patho- 
logic examination indicated, however, that death 
resulted from acute purulent pneumonitis, probably 
of enzootic origin, rather than from the adminis- 
tered dose of the acetylenic derivative. 


Intraperitoneal Toxicity 

Intraperitoneal toxicity to rats of this compound 
was established from the mortality data shown in 
Table 1. The L. D.s (30 day) and 19-20 confidence 
limits for this compound were calculated to be 
2.0 (1.34 to 2.98) gm. per kilogram. 

Gross observation of the animals at the time of 
treatment indicated very few detectable effects at 
the two lowest dosage levels listed in Table 1 (0.5 
and 1.0 gm. per kilogram). Slight central de- 
pression of the animals was noticed at the 2.0 gm. 
per kilogram dose, whereas the 4.0 gm. per kilo- 


WAVELENGTH, MICRONS 


TABLE 1.—Dosage-Mortality Response of Rats Given Intraperitoneal Injections with 


7 8 


10 it 


gram dose caused immediate, marked effects of 
slow respiration followed by tolerance of side- 
position and prostration within 10 minutes. One 
death occurred at this dose within 45 minutes 
after administration of the compound. 


Cutaneous and Ocular Effects 
Although there was no previous indica- 
tion that methyl divinyl acetylene would 


induce irritative response in animals, the 


effects of direct contact of the compound 
on the skin and in the eye were tested in 
rabbits. 

Methods 


The clipped, washed belly of the albino rabbit 
was used to test the effects of single application 
of the compound. Three rabbits (weighing ap- 
proximately 2 kg. each) were used for this test; 
each rabbit received 0.01 ml. of the compound at 
well-spaced areas of the belly. The areas of ap- 


Dose, 
Gm/Kg. 1 2 3 4 


No. Rats 


4 

4 1.0 0 0 0 0 
4 2.0 0 0 1 0 
4 4.0 3 0 0 0 
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Mortality Days Post-Treatment 


* Numerator, number of deaths; denominator; number tested. 


Total 


5 6 7 14 30 Mortality * 


0 0/4 
0 0 0 0 0 0/4 
0 0 0 1 0 2/4 
0 0 0 0 1 4/4 


Vol. 20, Aug., 1959 


A. M. A. ARCHIVES OF INDUSTRIAL HEALTH 
| 
Methyl Divinyl Acetylene 
— 


plication of the compound differed on each rabbit 
to avoid possible change in reaction owing to dif- 
ference in skin sensitivity at the different areas. 
The animals were observed for 30 minutes after 
application of the compound and daily thereafter 
for one month; from one month to the termination 
of this study at four months, the animals were 
examined weekly. 

The method of Draize and Kelly* and the 
fluorescein dye test were used to determine ocular 
effects resulting from instillation of this com- 
pound in the rabbit’s eye. The Draize method 
consists of placing a measured amount of the test 
compound in one eye of nine rabbits, the other 
eye serving as a control. The eyes of three of 
the rabbits are not treated further, three are 
washed at two seconds after application, and the 
remaining three are washed at four seconds with 
20 ml. of lukewarm water. The eyes are then 
examined at 24 hours and daily thereafter with 
a hand slit lamp and the reactions scored. The 
fluorescein dye test of ocular injury consisted of 
flooding the eye to which the compound has been 
applied with a 2% aqueous solution of fluorescein 
dye and allowing it to remain in the eye for 30 
seconds. The eye was then washed with water to 
remove the excess dye and the cornea examined 
with a hand slit lamp to determine the amount 
of dye retention as evidence of degree of injury. 

Cutaneous Effects 

This compound at a dose of 0.01 ml. did 
not produce lasting irritation on the intact 
rabbit’s skin, and only questionable ery- 
thema was noted at 5 and 30 minutes post- 
application. No visible changes were noted 
at the 24-hour examination. 

In another rabbit the effect of a second 
application of this compound was tested. 
Two applications, 24 hours apart, on the 
same skin area did not produce visible 
skin irritation. 

In view of the lack of irritation from 
single and one repeated application of the 
acetylenic compound, the effects of repeated 
applications were investigated further. The 
clipped bellies of three albino rabbits were 
used. Doses of 0.25 ml. of methyl divinyl 
acetylene were applied three times daily at 
approximately three-hour intervals for a 
period of three days to the same area of 
skin of each rabbit. 

After the first day of treatment, the 
skin areas showed mild to moderate ery- 
thema. With continued treatment there was 
very little if any increase in the erythemic 
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response. Two days after the applications 
were stopped, the erythema had subsided 
and there was evidence of some scale-like 
sloughing of the epidermis, indicating a 
mild primary irritation in this species. No 
systemic toxicity symptoms were observed, 
and the animals maintained normal weight- 
gain curves during and after treatment. 


Ocular Effects 

Methyl divinyl acetylene did not prove 
irritative and did not produce ocular dam- 
age at the doses tested. Doses of up to 
0.25 ml. of this compound placed in the 
conjunctival sac of the rabbit’s eye did not 
cause visible damage as judged by the test 
criteria. 


Inhalation Toxicity 


The small amount of material available 
for toxicologic study required the use of 
a specially designed small pilot chamber to 
gather data relative to the toxicity of vapors 
from this compound. Accordingly, inhala- 
tion toxicity studies were performed on a 
pilot basis to establish an approximate tol- 
erated dose level for vapors from the 
compound. 

The pilot chamber consisted of a bell jar 
of approximately 40 L. capacity, in which 
vapor from the compound was introduced 
into the chamber by bubbling nitrogen 
through a fritted disk in a flask containing 
the compound. The vapor thus generated 
entered a mixing bulb where it was diluted 
with air to the desired concentration. The 
vapor concentration of the chamber was 
controlled by adjusting the nitrogen flow- 
rate through the compounds. Concentration 
of the exposure atmosphere was determined 
by chemical analysis of measured air 
samples. 


Analytic Procedures 

The infrared spectrograms revealed no specific 
characteristics which could be used for analysis 
of exposure atmosphere or body fluids. To deter- 
mine the air concentration of this substance, use 
was made of the halogen addition reaction with 
the unsaturated triple bond of the compound. The 
Hanus Iodine Number procedure was modified for 
use in analysis of the compound. The method con- 
sisted of bubbling a metered portion of the cham- 
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Tas_e 2—Effects of Inhalation on Methyl Divinyl 
Acetylene on Rats 


Days of 
Exposure * 


Average 

No. Rats Conc.,ppm Mortality 
500 None 
900 None 


* Daily exposure was for a 2-hour period. 


ber air through glacial acetic acid; the sample was 
then treated with the usual Hanus reagents, the 
excess iodine titrated with N/10 sodium thiosulfate, 
and the concentration read from a prepared stand- 
ard curve. 


Acute Inhalation Toxicity 

Pilot inhalation exposures of rats to 
vapor from this compound did not prove 
injurious to the animals at the concentra- 
tions and time periods tested. Exposures 
at two atmospheric levels of 500 and ap- 
proximately 1,000 ppm were not lethal to 
rats as judged from the data shown in 
Table 2. In actions and appearance the 
animals were normal throughout the ex- 
posure, and normal weight-gain was ob- 
served both during and after exposure. 

One experiment, in which “substantially 
saturated” methyl divinyl acetylene vapor 
was used as an exposure atmosphere, anes- 
thesia of the animals was noted. (“Sub- 
stantially saturated” vapor is that obtained 
by bubbling air through the test compound 
without further dilution according to the 
terminology of Smyth.?) In this atmosphere 
the rats became depressed and then com- 
pletely anesthetized within 30 minutes after 
start of the exposure. The animals were 
exposed for one hour at this concentration 
without resulting death. The rats recovered 
from the anesthesia in approximately an 
hour after removal from the chamber. No 
analysis was made of the chamber atmos- 
phere during this exposure. 


Comment and Summary 


Acute toxicologic studies of an acetylenic 
derivative, methyl divinyl acetylene, were 


undertaken to determine the potential haz- 
ard involved in use of this compound. The 
calculated L. D.59 for rats was in excess of 
3.2 gm. per kilogram orally and 2.0 gm. 
per kilogram intraperitoneally. No irrita- 
tive effects were noted after single applica- 
tions to the skin or eye of rabbits. Repeated 
applications of 0.25 ml. of the compound 
caused slight irritation to rabbit skin. These 
results indicate a “slightly toxic’? compound 
according to a published classification of 
toxicity.2 Acute inhalation approximating 
1,000 ppm of this compound was neither 
toxic nor lethal to rats. Inhalation of sub- 
stantially saturated methyl divinyl acetylene 
vapor produced anesthesia in rats within 
30 minutes; normal recovery occurred, 
however, within one hour after removal 
from the atmosphere without toxic effects, 
thus indicating a margin of safety between 
the narcotizing and fatal levels of the com- 
pound. In comparison, it should be noted 
that rats on exposure to 28,700 ppm methyl 
acetylene for six months, five days per 
week, for six-hour periods, showed only 
some degree of pulmonary irritation.* 

Mr. David Fraser and Mr. R. G. Keenan as- 
sisted in these studies. 
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Air-Pollution Trends—San Francisco Bay Area 


BERNARD D. TEBBENS, Sc.D., Berkeley, Calif. 


With a relatively simple air monitoring 
technique described by Hemeon et al.,’ 
trends of air pollution at one location in 
the San Francisco Bay Area have been 
followed for four complete years. The 
sampling station is located at an elevation 
of about 290 ft. above sea level, atop a six- 
story campus building. The procedure in- 
volves filtering a known volume of air 
during repetitive two-hour periods through 
Whatman No. 4 filter paper and subse- 
quently evaluating the darkening of the 
exposed spots by observation of the diminu- 
tion of light transmission through the other- 
wise untreated paper. The interpretation 
of darkening is in COH units as described 
by Hemeon? 

This index of pollution is a measure of 
submicron but filterable particles which 
remain air-borne over extended periods of 
time. The method of evaluation is presumed 
to follow Beer’s law; the final interpreta- 
tion, following Hemeon, removes the loga- 
rithmic function so that the results as 
presented bear to each other a linear rela- 
tionship. 

The length of sampling period (two 
hours) leads to an average value of pollu- 
tion rather than to instantaneous values, as 
is possible with some monitoring devices. 
Twelve observations per day result in 
continuous time-average information. Con- 
sidering the type of sampling and inter- 
pretation, simple arithmetical averages are 
felt adequate for summarizing the accumu- 
lated data. 

Experience with monitoring in this way 
suggests a strong probability that the aver- 
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age observations reflect primarily the tem- 
poral fluctuations in meteorologic elements 
which lead to stagnation of the air of the 
community or to its ventilation. In this 
impression, we are in agreement with recent 
observations of Hemeon.* 

In most respects the continuing data are 
similar to those reported previously by 
Tebbens* for a single year’s observations. 
The possibility that vigorous community 
action in the form of air-pollution control 
may significantly affect the concentration of 
submicron particulates in the air environ- 
ment stimulates a continuing monitoring 
effort utilizing past experience as a base 
line for comparison. Additionally, there 
have appeared some variations in particulate 
concentration whose continued observation 
may indicate periodic fluctuation in meteor- 
ologic phenomena. 


Annual Trends 


Table 1 contains the averaged data by 
month for the period from May 1, 1954, 
to May 1, 1958, as well as 2-hour and 24- 
hour maxima each month. The annual 
monitoring year is thus from May through 
the following April. During four years of 
observation there occurred a peak of annual 
pollution in the 1955-1956 monitoring pe- 
riod and a decisive minimum in the 1957- 
1958 year. According to information from 
the Los Angeles area,5 a maximum of 
annual pollution occurred there in 1955 and 
a minimum in 1957. Although the presently 
reported information is slightly out of 
phase with that of Los Angeles, the two 
facts agree remarkably well. This should 
not be surprising, since both localities are 
influenced by similar macrometeorologic and 
other natural phenomena. 

The trend of average annual pollution 
since the peak monitoring year of 1955- 
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TABLE 1—Monthly Average Particulate Pollution (COH/1,000 Ft.) 


Monthly Av. 


Max. 2-Hr. Observation 


Av. 


Max. 24-Hr. Observation Wind Velocity 


Month 


May 4 

June 0.6 0.7 0.5 0.5 28 3.5 
July 0.7 0.6 0.4 0.4 40 2.4 
August 0.5 0.8 0.5 0.5 28 3.0 
September 0.6 0.8 0.6 0.5 28 4.2 
October 0.7 0.9 0.6 0.6 3.5 6.0 
November 1.0 13 17 0.7 4.0 6.0 
December 1.2 0.8 1.5 11 4.0 4.7 
January 11 0.9 0.7 0.9 4.0 5.3 
February 0.7 0.7 08 0.3 28 4.7 
March 0.5 0.5 0.5 0.3 3.5 3.4 
April 0.3 0.4 0.4 04 3.3 3.2 


Year (true av.) 


* 1 indicates 1954-1955; 2, 1955-1956; 3, 1956-1957; 4, 1957-1958. 


1956 was thus markedly downward. This 
may be indicative of a cyclic fluctuation in 
the annual pollution load which is contrary 
to the expectation of an annual increment 
of increase resulting from increasing popu- 
lation and activity in the area. The latter 
increase is partially documented by infor- 
mation from the Oakland-San Francisco 
transbay bridge, where accurate daily traf- 
fic counts have been made by the Toll 
Bridge Authority for many years.* The 
monthly and annual totals of vehicles cross- 
ings concurrent with the air monitoring are 
shown in Table 2. It is evident that there 
has been no fluctuation in traffic levels dur- 
ing the period; in fact, there has occurred 


TaBLe 2.—Monthly Traffic Summary—Bay Bridge 


San Francisco, 


1 2 3 4 MPH 


43 3.2 11 1.5 13 14 11.6 
18 17 17 1.2 08 08 11.9 
2.9 2.1 13 1.6 11 1.2 11.3 
41 2.8 10 24 19 11 9.7 
3.1 3.0 14 24 1.5 1.2 8.1 
5.7 4.3 24 3.7 3.4 2.2 73 
48 3.7 2.5 2.8 3.0 2.3 7.6 
3.4 3.2 2.6 3.3 19 2.0 78 
4.0 2.1 17 24 2.1 1.2 8.0 
2.1 1.5 1.1 1.5 1.2 0.8 9.0 
3.9 1.5 0.9 1.3 1.5 0.9 10.0 


an annual and regular increase of 3% to 
4% per year. 

From the same source, information is 
available on monthly and annual passage of 
the monitoring period, as also shown in 
commercial vehicles, i. e., trucks. During 
Table 2, there has been a gradual increase 
of such traffic, indicating a continuous an- 
nual increase of 1% to 5% rather than a 
wide fluctuation of commercial and indus- 
trial activity. Thus, the annual average of 
particulate air pollution appears to be in- 
fluenced by some cyclic meteorologic fluc- 
tuation whose magnitude and period is not 
known at this time. During the monitoring 


period up to Oct. 1, 1957, there had prob- 


Month 


May 

June 2.28 2.34 2.48 
July 2.35 2.44 2.53 
August 2.38 2.50 2.59 
September 2.29 2.39 2.49 
October 2.35 2.47 2.53 
November 2.28 2.33 2.44 
December 2.29 2.33 2.45 
January 2.14 2.23 2.34 
February 2.04 2.21 2.21 
March 2.36 2.49 2.47 


April 


Increase 


Autos & Auto Trailers (X10*) (Excludes Passes) 


Trucks Only (X10*) (Excludes Busses) 


2.60 2.18 2.26 2.35 2.49 
2.69 2.26 2.52 2.52 2.51 
2.55 2.23 2.37 2.23 2.33 
2.54 2.29 2.38 2.59 2.63 
2.58 2.24 2.34 2.40 2.35 
2.58 2.27 2.24 2.24 2.35 
2.39 2.12 2.23 2.37 2.36 
2.26 2.00 2.15 2.15 2.11 
2.59 2.43 2.43 2.36 2.41 


* 1 indicates 1954-1955; 2, 1955-1956; 3, 1956-1957; 4, 1957-1958. 
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ably been no significant impetus to control 
pollution at its sources. On that date, how- 
ever, the first regulation of the Bay Area 
Air Pollution Control District became effec- 
tive,’ leading to the cessation of burning 
on open dumps in most of the metropolitan 
community in which about 3,000,000 per- 
sons reside. Only about half of the mon- 
itoring year 1957-1958 was affected by this 
regulation. 

One possibly important difference in 
pollution loading from year to year may be 
noted by reference to Figure 1. Four 
curves show the average of all readings 
for a given time of day for all days of each 
of four monitored years. During the 1954- 


1955 and 1955-1956 years the average 


hourly pollution was remarkably similar in 
relation to the total daily pollution, al- 


though the second year as shown was a few 
per cent dirtier than the first. However, 
during 1956-1957 the relative proportion of 
pollution was higher during the daylight 
hours and lower at night, with the evening 
peak of preceding years totally absent. 
Again during 1957-1958, when particulate 
pollution declined sharply, the evening peak 
was not evident on the average, and the 
daylight hours accounted for a higher pro- 
portion of the total pollution. 

The disappearance of secondary evening 
peak of pollution and the relative intensi- 
fication of pollution during daylight hours 
(roughly 8 a. m. to 8 p. m.) thus coincided 
with the years of diminishing average annual 
particulate loading. This is not accounted for 
by changed traffic patterns as deduced from 
transbay bridge data, which show that the 
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Fig. 1—Averaged par- 
ticulate air loading by 
hour of the day for each 
of four monitoring years. 
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proportion of vehicles passing the toll gates 
at given hours of the day remained very 
constant during the monitoring years. Since 
the shift was observed for more than a 
year before regulation of the burning of 
open dumps, it does not reflect a change 
of that character either. It is presumed, 
therefore, that this fact also may have a 
meteorologic explanation. 

A recently noted phenomenon may indi- 
cate an interrelationship of Pacific Ocean 
oceanography and the meteorologic vari- 
ables that affect atmospheric pollution on 
the West Coast. In a preliminary report,* 
The Marine Research Committee of The 
California Cooperative Oceanic Fisheries 
Investigation has labeled 1957 the “Year 
of Warm Water and Southern Fish.” It 
is pointed out that compared to the 1949- 
1956 monthly average of surface water 
temperatures, the coastal water tempera- 
tures were about 1 C higher over-all 
along the entire California coast and were 
as much as 3 C higher during 
of the year at numerous locations. 


part 
The 


oceanographic data at Pacific Grove, Calif., 
within about 70 miles of San Francisco Bay, 
show a definite excess surface water tem- 
perature during 1957. 


Monthly and Seasonal Trends 


A consistent fact concerning seasonal 
trends of air pollution shows up from data 
in Table 1. It is evident that minimum air 
pollution occurs in the spring, with April 
the month of lowest average particulate 
pollution. The fall-winter months of No- 
vember-December are consistently those of 
the highest pollution. It is of value to 
compare this fact with an index of heating 
requirements and, therefore, of domestic 
fuel consumption, the degree-day.* For San 
Francisco, April, May, and November are 
about equal in heating requirements by this 
index. Thus, both the lowest and the high- 
est months of air pollution have essentially 
equal heating requirements, so one would 
estimate that domestic heating is not critical 
in determining the level of air pollution in 
this area, in which natural gas has been 
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Fig. 2.—Averaged particulate air loading data by day of the week for each of four monitoring 
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and continues to be the fuel of choice for 
this purpose. 

Comparison of the monthly air-pollution 
index with average monthly wind velocity 
in San Francisco shows nearly an inverse 
relationship. In the last column of Table 1 
are 40-year monthly averages of wind 
velocity measured at the U. S. Weather 
Bureau in San Francisco.” It is notable 
that the month of lowest wind, November, 
is identical with the month of highest pollu- 
tion, while the months of lowest pollution 
are among the months of highest wind 
velocity. It is comparisons of this sort 
which leads to the impression that this air 
pollution monitoring reflects the factors 
which lead to ventilation or air stagnation 
of the community. 


Daily Trends 


A most consistent trend of the monitoring 
results appears in the summation of day-of- 
the-week pollution. This is portrayed in 
Figure 2, where bar graphs show the aver- 
age of all monitoring data for a given day 
of the week in each of four years. There 
has been consistently a much lower pollu- 
tion load on the weekends, and especially on 
Sunday, than on weekdays. This is not a 
unique observation, it being noted for Los 
Angeles, for example, by Haagen-Smit '' 
and for London by Meetham.'* The pre- 
sumption concerning this fact is that there 
is a reduced emission of pollutants into the 
air on Sundays as it is certain that weather 
phenomena do not respect holidays. It is 
notable that the average pollution on Sun- 
day was about 60% of that on the highest 
day, Friday, when one considers four full 
years of monitoring. 

It has also remained a typical character- 
istic of daily pollution loading that on all 
days of the week the average highest pollu- 
tion occurs at midday and the lowest in 
the early morning hours. These phenomena 
were discussed earlier.‘ 


Comment 


There is a great temptation to ascribe 
reduction of air pollution in this area to 


Tebbens 


source reduction of polluting materials. The 
regulation of open dump burning no doubt 
has some effect on particulate loading of the 
atmosphere which should be detectable with 
the type of monitoring reported here. How- 
ever, very little change in burning practice 
occurred before Oct. 1, 1957, whereas sig- 
nificant reduction in air smokiness at the 
monitoring station was noticed for many 
months before that date. Additionally, the 
total magnitude of reduction in the course 
of a year, during only half of which the 
regulation was in effect, seems much too 
great to attribute to this single type of 
source reduction. 


It is noteworthy that simultaneous reduc- 
tions of air pollution occurred at several 
metropolitan sites along the California coast 
during 1957. The Clean Air Quarterly * 
summation of this fact emphasizes the dif- 
ference in source control effort in the three 
areas: that in Los Angeles being very ac- 
tive, that in the San Francisco Bay Area 
being nascent, and that in San Diego being 
negligible during the year. That there were 
reductions in all three places strongly sub- 
stantiates the idea that large scale meteoro- 
logic phenomena, improving the ventilation 
of the coastal locations, played an important 
role in the improvement. The magnitude of 
average improvement at the one smoke- 
monitoring station reported here was about 
25%, i. e., the average for 1957-1958 was 
about 75% of that for three previous years. 
No specific data are at hand concerning the 
magnitude of improvement at other coastal 
sites, but from descriptions it would appear 
to be somewhat comparable. 

Thus, the impression is strong that some 
common factor has been effective in air- 
pollution reduction over a wide area. While 
this may have been a difference in fuel for 
automobiles, as sometimes suggested, an- 
other documented fact is at hand which 
could equally well explain the phenomenon. 
The oceanographic study previously men- 
tioned *® indicates a large scale natural oc- 
currence which affected West coastal 
waters. Revelle and his associates point 
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out that this was probably not related to 
ocean current shifts but rather to meteor- 
ology. As was brought out by Robinson '* in 
a presentation before the Air Pollution Con- 
trol Association, there were some specific 
differences in meteorology in the San Fran- 
cisco Bay Area between 1955 and 1957. 
His analysis was incomplete, but he too 
was impressed by the probability that a 
meteorologic variation of sufficient magni- 
tude to affect Pacific Ocean surfaces would 
also affect pollution of the atmosphere by 
changing some aspect of natural community 
ventilation. 

The change in time distribution of air 
smokiness shown in Figure 1 may also 
reflect a shift in ventilation. During two 
years of declining average pollution, a 
larger proportion of the particulate air load- 
ing occurred during daylight hours and less 
at night, with marked absence of secondary 
peak in the evening. There was no indi- 
cation of a time distribution change in hu- 
man activities, at least as reflected in traffic 
patterns on the Oakland-San Francisco Bay 
Bridge. Other community practices are not 
so readily documented, but it is reasonable 
to assume that practices leading to air pollu- 
tion remained relatively constant as to time 
of the day. 

If this is the case, an explanation for the 
shift and downtrend in average daily pollu- 
tion patterns could lie in improved natural 
ventilation of the area, the beneficial effect 
being relatively most pronounced between 
the hours of 8 p. m. and 8 a. m. The pre- 
sumption put forward concerning the strik- 
ing total improvement in particulate air 
pollution in the Bay Area during 1957-1958 
will be substantiated or disproved only after 
a continued observation period. It is not 
felt at this time that the large reduction 
in air-pollution level is totally attributable 
to the source reduction at previously open 
burning dumps, although this might reason- 
ably have contributed to the fact. Assuming 
the interplay of two phenomena, source 
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reduction and natural ventilation, it is evi- 
dent- that only long-term monitoring and 
evaluation can separate the two. Back- 
ground data remain available, however, 
against which to compare future informa- 
tion. 


School of Public Health, University of Cali- 
fornia. 
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Phosphorotrithioate (DEF) 


Within recent months S,S,S-tributyl 
phosphorotrithioate (DEF) has been intro- 
duced into practical use for removal of 
leaves from cotton plants prior to the pick- 
ing of cotton. This new defoliant has the 
chemical structure shown in Figure 1. 


Np 
CaHg-S* O 
Fig. 1.—Structural formula of DEF. 

The possibility of exposure of personnel 
engaged in the manufacture and use of this 
compound made it desirable to obtain infor- 
mation on its toxicity and mode of action. 
DEF is related chemically to the organic 
phosphates which are currently used as in- 
secticides. The well-known ability of these 
compounds to inhibit cholinesterase prompt- 
ed a study of the effects of DEF on this 
enzyme. The present report contains the 
results of experiments which indicate that 
DEF is moderately toxic to mammals. It 
inhibits cholinesterase activity in vitro and 
in vivo under appropriate conditions, but 
this action does not appear to be responsible 
for all of the toxic effects of DEF. 


Experimental Procedures 


For the toxicity measurements male and female 
Sprague-Dawley rats (175-250 gm.), female Car- 
worth Farm mice (about 20 gm.), and young male 
guinea pigs (250-350 gm.) were used. The ani- 
mals were housed in air-conditioned rooms main- 
tained at 75-80 F. The rats and mice were fed 
Rockland Rat Diet, and the guinea pigs received 
Rockland Rabbit Pellets. 


Received for publication Dec. 9, 1958. 
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Toxicity and Anticholinesterase Activity of Tributyl 


SHELDON D. MURPHY, Ph.D., and KENNETH P. DuBOIS, Ph.D., Chicago 


The sample of DEF used for these studies was 
supplied by the Chemagro Corporation, of Kansas 
City, Mo. The compound is a relatively non- 
volatile, colorless liquid which is soluble in alco- 
hols and in aliphatic, aromatic, and chlorinated 
hydrocarbons. For the toxicity tests the DEF was 
dissolved in sesame oil and administered by the 
oral and intraperitoneal routes. The strength of 
the solutions was adjusted with respect to the 
DEF concentration so that the volume of each 
injection was less than 0.2% for rats and guinea 
pigs and less than 0.5% for mice. Solutions of 
DEF (0.1 M) in ethanol were prepared for meas- 
urements of the inhibitory action of the compound 
on cholinesterase in vitro. The ethanol solutions 
were diluted to the desired molar concentration 
with Ringer-bicarbonate buffer before addition to 
the cholinesterase test system. 

Cholinesterase measurements were performed 
manometrically by the method of DuBois and 
Mangun.* The test system contained 0.3 cc. of 
0.1 M acetylcholine chloride in the final volume of 
3 cc. of calcium-free Ringer-bicarbonate buffer. 
The tissues were homogenized in the buffer, and 
50 mg. of brain, 100 mg. of submaxillary gland, 
200 mg. of red blood cells, or 200 mg. of plasma 
were employed for the assays. For in vitro tests 
solutions of DEF replaced an equivalent amount 
of buffer in the test system. The Warburg flasks 
were gassed for five minutes with 95% nitrogen 
and 5% carbon dioxide and equilibrated at 38 C 
for five minutes before the addition of acetylcholine 
from the side-arms. In some of the in vitro ex- 
periments the time of incubation of the tissue 
with DEF was extended before the addition of 
the substrate. After the addition of acetylcholine 
the vessels were equilibrated for an additional five 
minutes, and readings were taken at five-minute 
intervals for 30 minutes. The cholinesterase activ- 
ity was expressed as microliters of carbon dioxide 
produced per 50 mg. of tissue per 10 minutes. 


Results 
The acute toxicity of DEF was measured 
by administering the compound intraperito- 
neally to rats, mice, and guinea pigs and 
orally to rats and guinea pigs. The animals 
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TaBLE 1—Acute Toxicity of DEF to Rats, Mice, 
and Guinea Pigs 


TABLE 2.—Cumulative Toxic Action of DEF in 
Female Rats 


Route of 
Administration Animals Mg/Kg. 
440, 
210 


Intraperitoneal 
Intraperitoneal 
Oral 
Intraperitoneal 
Intraperitoneal 
Oral 


Rats 


290 
150 
260 


Mice 
Guinea pigs 


Mortality 


Me/Kg. Days After Ist Injection 
Body 60 
Weight/Day 0-5 5-10 10-30 30-60 Days 


%, 60 
Days 


0/5 
0/5 
1/5 
5/5 


were observed for 10 days, since death or 
apparent recovery occurred within this pe- 
riod of time. The approximate LDs5o values 
were estimated from the mortality data by 
the logarithm-probability method. The re- 
sults of these measurements are shown in 
Table 1. These data indicate that DEF 
exhibits a moderate toxicity to mammals. 
No marked species differences in suscepti- 
bility were noted. The compound is well 
absorbed from the gastrointestinal tract, as 
indicated by the similarity in the LDs5o 
values obtained after oral and intraperito- 
neal administration. A comparison of the 
toxicity of DEF to male and female rats 
indicated that females are about twice as 
susceptible as males to the acute toxic action 
of the compound. 

After administration of lethal doses of 
DEF near the LDso, death of the animals 
occurred in one to seven days. Symptoms 
began with depression which was first noted 
at one hour after administration and in- 
creased in severity during the next 24 to 
48 hours. When the animals were undis- 
turbed they remained quiet and inactive but 
were extremely sensitive to external stimuli 
and exhibited irritability and apparent pain 
upon handling. Several hours after the ad- 
ministration of DEF the animals exhibited 
symptoms of muscular weakness with rigid- 
ity, and movements were extremely difficult. 
Tremors occurred when the animals were 
disturbed. Profuse urination, viscid saliva- 
tion and lacrimation began in two to six 
hours after treatment and persisted for 
several days. Breathing was labored and 
irregular, and death was associated with 
respiratory failure. 
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Repeated exposure to DEF at frequent 
intervals might occur during its manufac- 
ture and use as a defoliant. Information 
concerning the cumulative action of this 
compound is, therefore, important from the 
standpoint of evaluation of the possible 
health hazards associated with its use. To 
obtain information on the subacute toxicity 
of DEF, groups each containing five female 
rats were given daily intraperitoneal doses 
of 50, 75, and 100 mg. per kilogram of the 
compound for a period of 60 days or until 
death occurred. The results of mortality 
measurements on rats receiving various 
daily doses of DEF are shown in Table 2. 
A dosage level of 50 mg. per kilogram 
produced no mortality during the 60-day 
observation period, and the animals exhib- 
ited none of the symptoms observed in 
acutely poisoned animals. After a small 
initial fall in body weight, the growth of 
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DAYS 
_Fig. 2.—Effect of various daily doses of DEF 
given intraperitoneally on the body weight of rats. 
Curve A, control; Curve B, 50 mg. per kilogram; 


Curve C, 75 mg. per kilogram; Curve D, 100 mg. 
per kilogram. 
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Approx. 
Species Sex 
Males 
Females 
325 0 0 0 0 0 0 
Females 50 0 0 0 0 0 
"a|l's Males 75 0 1 0 0 20 
i Males 100 1 3 1 100 
~ 18 
8 
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the animals receiving 50 mg. per kilogram 
proceeded at a rate comparable with that 
of the controls as shown by the data in 
Figure 2. One animal died in the group 
receiving 75 mg. per kilogram per day after 
nine days of treatment with DEF. The re- 
maining animals in this group survived 
throughout the 60-day period, but they failed 
to gain weight at a normal rate and exhib- 
ited symptoms of poisoning during the en- 
tire observation period. All of the animals 
which received 100 mg. per kilogram of 
DEF succumbed during the first 11 days 
of treatment. The results of these measure- 
ments indicate that rats can tolerate repeat- 
ed daily doses (50 mg. per kilogram) 
equivalent to one-fourth of the acute LDs5o 
without the appearance of gross signs of 
poisoning. 

The symptoms of poisoning exhibited by 
animals treated with DEF differ consider- 
ably from those caused by toxic doses of 
organic phosphate insecticides. However, 
the salivation, lacrimation, urination, and 
occasional tremors noted in DEF-treated 
animals suggested a possible cholinergic 
component in the toxic action. Radeleff and 
Woodard? reported symptoms in animals 
treated with DOW ET-57 (O,O-dimethyl 
O-[2,4,5-trichlorophenyl] phosphorothioate) 
which were qualitatively similar to those 
caused by DEF, and the erythrocyte cholin- 
esterase activity of the animals treated with 
DOW ET-57 was depressed. In the present 
experiments cholinesterase measurements on 
the brains of animals surviving at the end 
of the 60-day subacute toxicity studies re- 
vealed that the activity of this enzyme in 
the brains of rats receiving 50 and 75 mg. 
per kilogram of DEF per day was only 
14.2% and 11.7% of the normal level, re- 
spectively. Thus the amount of cholines- 
terase inhibition produced by both dosage 
levels of DEF was approximately the same; 
however, the animals which received 75 mg. 
per kilogram per day showed definite symp- 
toms of poisoning, while those receiving 50 
mg. per kilogram were free from symptoms. 
This finding suggests that the toxicity of 
DEF is not entirely dependent upon its 
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ability to inhibit cholinesterase, and the dif- 
ferences in the symptoms produced by the 
defoliant and other organic phosphates tend 
to support this idea. However, previous 
experiments in this * and other laboratories * 
have shown that rats treated chronically 
with certain organic phosphate insecticides 
are capable of undergoing some type of ad- 
justment to remarkably low tissue levels of 
cholinesterase activity, and it seems possible 
that a similar mechanism might be operative 
in the case of DEF. Thus in subacute and 
chronic experiments with cholinesterase in- 
hibitors it is not always possible to make a 
direct correlation between mortality and 
symptoms and the amount of inhibition of 
cholinesterase. 

If the toxicity of DEF could be attrib- 
uted solely to its ability to inhibit cholines- 
terase, it might be expected that atropine 
would be useful as an antidote. Experi- 
ments were, therefore, undertaken to test 
this possibility. The intraperitoneal admin- 
istration of 100 mg. per kilogram of atro- 
pine sulfate to female rats 15 minutes 
before the injection of DEF by the same 
route failed to protect against one LDs5o 
(210 mg. per kilogram) of the defoliant. 
When the same dose of atropine was given 
15 minutes before 210 mg. per kilogram of 
DEF and repeated at 4, 12, 24, and 36 
hours after administration of the defoliant, 
no protection was observed. These experi- 
ments demonstrated the ineffectiveness of 
atropine as an antidote for DEF and pro- 
vided further evidence that actions other 
than cholinesterase inhibition are important 
in poisoning by DEF. 

The finding that the repeated administra- 
tion of DEF produced a marked inhibition 
of rat brain cholinesterase stimulated our 
interest in further investigation of the effect 
of DEF on this enzyme. In the initial in 
vitro experiments on the effect of DEF 
on the cholinesterase activity of rat tissues 
the compound was incubated with the tissue 
homogenate for 15 minutes before addition 
of acetylcholine to the test system. Under 
these conditions a concentration of 5 10~-* 
M DEF caused only 15.8%, 17.4%, 42.1%, 
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Fig. 3—Effect of varying the time of incuba- 
tion of DEF with homogenized rat brain on the 
amount of inhibition of brain cholinesterase. 


Curve A, 1X10* M DEF; Curve B, 5X10° M 
DEF. 


and 24.9% inhibition of the cholinesterase 
activity of brain, submaxillary gland, plas- 
ma, and red blood cells, respectively. The 
testing of higher concentrations was pre- 
vented by the limited solubility of DEF. 
These initial observations indicated that 
DEF is a weak cholinesterase inhibitor in 
vitro and that the pseudocholinesterase ac- 
tivity of plasma was more sensitive to 
inhibition than the true cholinesterase of 
the other tissues. Additional experiments 
were undertaken to determine whether pro- 
longed incubation of DEF with cholinester- 
ase would result in further inhibition of the 
enzyme. Several concentrations of DEF 
were added to 50 mg. of homogenized rat 
brain in the cholinesterase test system. The 
Warburg vessels were shaken for one hour 
anaerobically at 38 C before addition of 
the substrate. The per cent inhibition of 
the enzyme activity was plotted against the 
logarithm of the inhibitor concentration, and 
a linear relationship was obtained with co7- 
centrations which produced between 20% 
and 80% inhibition. A final concentration 
of 13X10-* M DEF produced 50% in- 
hibition of cholinesterase activity when the 
compound was allowed to incubate with the 
enzyme for one hour before the addition 
of the substrate. The results of these ex- 
periments are shown in Figure 3. These 
data indicate that DEF reacts slowly with 
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cholinesterase with the rate of the reaction 
being linear with time for at least 90 min- 
utes. The relatively high concentrations of 
DEF required to produce marked inhibition 
of cholinesterase in vitro classifies this com- 
pound as a weak anticholinesterase agent. 
However, the concentrations which might 
be expected to be attained in the intact ani- 
mal after injection of toxic doses of DEF 
are comparable to concentrations which pro- 
duced marked inhibition of cholinesterase 
activity in vitro when sufficient time is 
allowed for the inhibitor to react with the 
enzyme. 

In order to obtain further information 
regarding the effect of DEF on cholinester- 
ase, assays were performed on the tissues 
of rats treated with the defoliant. For this 
experiment groups of female rats were 
given 130 mg. per kilogram (5/8 of the 
LDs0) of DEF intraperitoneally, and the 
animals were killed at various intervals for 
cholinesterase assays on brain, submaxillary 
glands, red blood cells, and plasma. The 
results of these measurements are shown by 
the data in Figure 4, in which each point on 
the curves represents the average of assays 
performed on the tissues of at least three 
animals. The average normal cholinesterase 
activity of the tissues of six animals which 
served as controls was 100.6 for brain, 
29.8 for submaxillary glands, 11.1 for red 
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Fig. 4—Extent and duration of inhibition of 
cholinesterase activity after intraperitoneal admin- 
istration of 130 mg. per kilogram of DEF to fe- 
male rats. Curve A, brain; Curve B, submaxillary 
gland; Curve C, plasma; Curve D, red blood cells. 
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blood cells, and 19.6 for plasma, expressed 
as microliters of carbon dioxide liberated 
per 50 mg. of tissue per 10 minutes. 

The data in Figure 4 demonstrate that the 
intraperitoneal administration of DEF pro- 
duced considerable inhibition of the cholin- 
esterase activity of both the central and 
peripheral nervous system as well as the 
pseudocholinesterase activity of plasma. The 
activity of the plasma was inhibited 77% 
at one hour and 95% at six hours after the 
administration of DEF. Maximum inhibi- 
tion of the true cholinesterase of red blood 
cells, brain, and submaxillary glands oc- 
curred at 24 hours after the administration 
of DEF, which corresponds with the time 
when poisoned animals exhibit the most 
severe symptoms. The low enzyme activity 
of all of the tissues was maintained for at 
least 48 hours, and the return to normal 
activity was slow. Complete reversal of 
inhibition of the pseudocholinesterase of 
plasma occurred in 14 days; however, at 
least 28 days were required for return of 
true cholinesterase to normal levels. The 
slow onset of inhibition of true cholines- 
terase may be due to a poor penetration of 
cells by DEF, a slower rate of reaction 
of DEF with true cholinesterase, or a com- 
bination of these factors. 

Other experiments indicated that the 
amount of inhibition of cholinesterase of 
the nervous system is dependent upon the 
dose of DEF administered. Thus at 24 
hours after the intraperitoneal administra- 
tion of the LDs9 (210 mg. per kilogram) 
the cholinesterase activity of brain and sub- 
maxillary glands was inhibited 77% and 
66%, respectively, while 50 mg. per kilo- 
gram produced only 26% and 50% inhibi- 
tion of the enzyme activity of brain and 
submaxillary glands, respectively. In con- 
trast to the dose-dependent effects in other 
tissues, inhibition of blood cholinesterase 
appeared to be maximal even at the low dose 
of 50 mg. per kilogram, since at 24 hours 
after the intraperitoneal injection of this 
dose of DEF the activity of plasma and 
red blood cells was inhibited 98% and 87%, 
respectively. This finding is noteworthy 
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because it indicated that blood cholinesterase 
measurements could be used as a method of 
detecting exposure to DEF in the absence 
of gross symptoms of poisoning. 


Comment 


The present investigation was undertaken 
to obtain information concerning the tox- 
icity and pharmacological actions of DEF 
in experimental animals in connection with 
evaluation of the possible health hazards 
associated with exposure to this agent dur- 
ing its manufacture and use as a cotton 
defoliant. Measurements of the acute tox- 
icity of DEF indicated that it is moderately 
toxic to rats, mice, and guinea pigs. No 
marked species differences in susceptibility 
were noted. The symptoms of poisoning 
with DEF were characterized by depression 
and muscular weakness. Salivation, lacri- 
mation, urination, and tremors also oc- 
curred, and these symptoms were suggestive 
of a cholinergic action by the compound. 

DEI inhibited cholinesterase in vitro 
when sufficient time was allowed for the 
enzyme to react with the inhibitor before 
addition of the substrate. Relatively high 
concentrations of the defoliant were re- 
quired to produce 50% inhibition of true 
cholinesterase in vitro. The low anticholin- 
esterase action of some other organic phos- 
phates in vitro in contrast to their high 
toxicity to mammals has been explained on 
the basis of conversion of the parent com- 
pounds to active metabolites by the liver.>* 
In the case of DEF, however, metabolic 
activation probably does not occur, because 
when DEF was incubated for one hour 
with homogenized rat brain the concentra- 
tion which produced 50% inhibition of 
cholinesterase was comparable to concentra- 
tions which could be expected in intact 
animals treated with toxic doses of the de- 
foliant. At least four weeks were required 
for reversal of inhibition of true cholines- 
terase of red blood cells, brain, and sub- 
maxillary glands after administration of a 
sublethal dose of DEF. The cholinesterase 
activity of plasma returned to normal levels 
within two weeks. DEF resembles diiso- 
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propyl fluorophosphate with respect to its 
irreversible action on cholinesterase.*'° In 
spite of the slow rate of reversal of enzyme 
inhibition, rats were able to tolerate daily 
injections of one-fourth of the acute LDs5o 
of DEF for a period of 60 days without 
exhibiting gross signs of poisoning. The 
brain cholinesterase activity of these animals 
was 85% inhibited, and it is, therefore, 
apparent that the rats were able to undergo 
some type of adjustment to an extremely 
low level of cholinesterase. 

The atypical symptoms and the failure 
of atropine to protect against DEF poison- 
ing suggested that actions other than cholin- 
esterase inhibition were at least partly 
responsible for the toxic action of DEF. 
Radeleff and Woodard? noted that the 
symptoms of poisoning by DOW ET-57 
also differed from those caused by other 
organic phosphate insecticides which inhibit 
cholinesterase. These investigators attrib- 
uted the unusual actions of DOW ET-57 
to the trichlorophenyl groups present in the 
molecule. It is interesting to note, however, 
that unlike most organic phosphates the 
onset of cholinesterase inhibition produced 
by both DEF and DOW ET-57 was de- 
layed for several hours and persisted for 
several weeks. In both cases the symptoms 
of poisoning were similar. It, therefore, 
seems possible that the type of symptoms 
exhibited by animals poisoned with DEF 
and DOW ET-57 may be related to the time 
required to produce cholinesterase inhibition 
and to the duration of the anticholinesterase 
action. The possibility that the butyl mer- 
captan substituents of DEF might produce 
effects unrelated to cholinesterase inhibition, 
as was suggested? for the trichlorophenyl 
groups of DOW ET-57, might also explain 
some of the unusual symptoms exhibited by 
DEF-treated animals. Regardless of the 
exact mechanism responsible for the toxic 
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actions of DEF, it appears that blood cho- 
linesterase measurements may be of practi- 
cal value in detecting cases of poisoning in 


persons subjected to repeated exposures to 
the defoliant. 


Department of Pharmacology, The University 
of Chicago (37). 
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Purpose and Procedure 
I. The Rotary Impactor 
1. Purpose 
2. Design 
3. Modes of application 
4. Impaction pattern 
II. Bacteriological Procedure 
1. The working principle of the concen- 
trometer 
2. Preparation of the bacterial I-strip 
III. Generation of Test Aerosols 
1. Calibration methods 
2. Quantitative relations 
IV. Results of BIA Tests 
1. Automobile exhaust 
2. Tobacco smoke 
3. Synthetic aerosols 
Conclusion 
The use of micro-organisms (bacteria, 
yeast cells, etc.) seemed promising, in spite 
of their evolutionary distance from the mam- 
malian forms, because of (a) their unlimited 
availability; (b) absence of statistical fluc- 
tuation owing to large numbers; (c) wide 
tolerance to conditioning by temperature, 
nutrient composition, etc., and thus pos- 
sibility of sensitivity adjustment to specific 
irritants; (d) applicability of membrane- 
culture technique, which allows the isolation 
of the cells from its nutrient environment 
during the test exposure and results in 
permanent records; (¢) low test and equip- 
ment cost and minimal space requirements 
compared with animals or human.* 


Received for publication Oct. 7, 1958. 

*In view of these promising, basic features one 
of us (A. G.) designed this method in 1957, and 
suggested it to the U. S. Public Health Service, 
Robert A. Taft Sanitary Engineering Center, 
Cincinnati; it was subsequently explored by us 
and independently by Mr. H. F. Clark, Senior 
Bacteriologist of the above institution. Since it 
proved workable and indicative of an analogy with 
eye-irritation (auto exhaust, smog), additional ef- 
forts were spent on improvement of technique and 
instrumentation as well as on exploratory applica- 
tions to synthetic synergistic aerosols. 


A Bacteriological Irritation Analogue for Aerosols 


ALEXANDER GOETZ and NOEL TSUNEISHI, Pasadena, Calif. 


The specific aim of this particular method 
is to effect a direct contact between the 
aerosol particles and the cell surface of the 
bacteria without interference by liquids 
shielding the former physically or chemically 
(buffering action)—contrary to the aerosol 
contact with a liquid bacterial suspension. 

This contact is established by impacting 
the aerosol onto bacterial cell layers of 
known density. To obtain reproducible re- 
sults, volume, flow rate, impacting velocity, 
and time of exposure must be accurately 
controlled. Such layers of cells can easily 
be produced on the surface of membrane 
filters by previous passage of a diluted 
24-hour culture of organisms. After the 
aerosol exposure the membrane is cultured 
according to standard procedures.! 

Principally, the irritant intensity (J) 
could be evaluated by two alternative pro- 
cedures : 


(a) By exposing a membrane surface 
carrying a uniform bacterial density (N= 
const.) to a topically varying volume of 
the impacting aerosol, by then determining 
the position of a zone on the membrane 
where growth inhibition first occurs, and 
correlating this zone with the aerosol volume 
which had contacted it. This method was 
considered impracticable because of the 
virtual impossibility to accurately reproduce 
N in different tests. 

(b) By exposing a membrane surface 
carrying a bacterial density (N) which 
varies along one direction (+) to a constant 
flow of aerosol; J is then defined by the 
reduction of growth development along +x. 

The latter alternative was selected because 
the concentrometer method ? facilitates con- 
veniently the automatic production of mem- 
brane deposits with logarithmically. varying 


density (lg N=A+ ). This form of dis- 
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Fig. 1.—Vertical cross 
sections of Rotary Impac- 
tor. 
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tribution eliminates within a wide margin 
the uncertainty due to the variation of N. 
Obviously the bacteriological irritation 
analogue (BIA) test requires the develop- 
ment of several special procedures. While 
the concentrometer and associated bacterio- 
logical techniques had been previously de- 
veloped by us and collaborators and required 
but minor modifications for this specific 
application, the construction and perform- 
ance evaluation of a _ special impacting 
device and procedures for generating 
quantitatively defined aerosols for the BIA 
test were necessary. 
Each item is described in the following. 


I. The Rotary Impactor 


1. Purpose——lIn principle, the instrument 
is a surface impactor of the slit-type, its 
impacted surface is represented by the 
periphery of a rotating cylinder, the width 
of which is about twice the length of the 
slit. The purposes of this construction are 
as follows: 

(a) To minimize the extension of the 
contact of the air flow through the slit 
beyond the area represented by the slit aper- 
ture on the impacted surface. This is ac- 
complished by channeling the air path so 
that only a small fraction of the whole strip, 
directly opposite to the slit, is contacted at 
any one time. 

(b) To obtain on the surface, so impacted, 
a continuous sequence (i. e., record) of 
exposure to the aerosol. This is effected by 
rotating the cylinder at constant (or vary- 
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speed, while a constant air flow is 
maintained through the slit. 

2. Design —The instrument (Figs. 1 
and 2) is housed in the shell (4), the open 
(left) side of which is closed vacuum tight 
(O-ring) by the plate (B), removal of 
which provides access to the rotor (D). The 
inlet tube ends in 0.03 X0.63 cm. slit, 
formed by the shape of the lower end of 
(C,) and by the tight-fitting plate (Ce), 
held to C, by screws. This arrangement 
permits access for adjustment and cleaning 
—and for the reproducibility of the slit- 
width upon reassembly. The distance of C, 
is adjustable relative to the periphery of D 
by the vertical movement of C, in tubular 
extension of A. The latter forms a wide, 
slot-like opening for the passage of the air 
flow after impaction to the outlet (NV), 
which is connected to the vacuum pump, 
manometer, flowgauge, etc. Moreover, the 
penetration of C through P causes only one 


Fig. 2.—Rotary Impactor. 
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(left) side of C, to communicate with N 
(arrows ). 

The shaft (£,) carrying the rotor (/)) is 
supported by the bearing (/), which forms 
a vacuum tight (O-ring) gland. Since the 
assembly is thus a vacuum tight unit, suction 
at N will result in an air intake only at C. 

The shaft (£,) carries D with a sliding 
fit; its relative position to F; is fixed by a 
pin (£2) driven by £;, hence DP is easily 
withdrawn or inserted after removal of PB 
without affecting the critical distance be- 
tween rotor surface and slit. 

EF, is driven by exchangeable synchronous 
motors (M) of 4 or 12 rph, so that the 
exposure of the cylindrical section of D to 
the air flow from the slit is 12 minutes and 
4 minutes, respectively. 

To define the relative position of rotor 
and slit at the start, a friction clutch trans- 
fers the motion of M through the plate (G,) 
to E; and thus to F;. The slight pressure 
required between G, and Es is provided 
by two bronze spring plates (K), which also 
form the support of M at the base plate. 
Ex carries the handle (Ge), the turning of 
which against the friction of the clutch 
adjusts the position of D—at the same time 
Gz acts as indicator for the position of D on 
a circular scale at H. 

The rotor surface forms a cylinder over 
an angle of 255 degrees of its circum- 
ference; the remainder is relieved to provide 
room for the clamping device of the test 
strip (I-strip), which covers the cylindrical 
section. This clamping device is designed 
to hold the I-strip under longitudinal tension 
to assure its constant distance from the 
slit—also to render touching the I-strip sur- 
face unnecessary, while applying it onto 
or removing it from the rotor—important 
when chemical reagents or biological prepa- 
rations (bacteria) are carried on the I-strip. 
An auxiliary device (Fig. 3) which supports 
clamp and I-strip, while detached from the 
rotor, facilitates this operation. 

The width of D is about twice as wide as 
the slit-length, in order to provide for con- 
trol purposes an equivalent, nonexposed 
area on the I[-strip. 
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Fig. 3—Lucite holder for mounting |-strip from 
monodisperse latex aerosols (d=0.26p). 


For applications, where the nonexposed 
parts of the I-strip should be protected 
against drying, a moisture donor (L) is 
provided, consisting of a removable cylin- 
drical shell exposing a thick, well-fitted 
lining of hydrophilic felt toward D which 
is saturated with water before each test. 

The slit, when acting as limiting orifice 
(at A,=0.5), has maximal flow capacity 
(F:=10 L/min.) for air (at T~26 C). 

At a rotor speed of 4 (12) rph, the 
maximal total test sample amounts to ca. 120 
(40) liters (4.2 [1.4] cu. ft.) of air. The 
total area on the I-strip exposed to impac- 
tion is 4,=5.2 cm, the air volume impact- 
ing per unit area of the I-strip during one 
revolution, i. e., the time (ft), is thus 
F,:t/A, and has accordingly the maximal 
concentration factors of 23 (7.7) liters per 
square centimeter, or 5.2 (1.7) cu. ft. per 
square inch. 

The slit aperture is 0.63X0.03 cm.= 
2-10-? cm?, hence at Fi=7 L. per minute, 
the generally used flow rate, the flow 
velocity prior to impaction amounts to 56 m. 
per second= Mach 0.17. 

3. Modes of Application —The impactor 
has been designed for the analysis of 
aerosols by three basically different modes 
of application, depending on whether DP is 
rotated at constant or at varying angular 
velocity. 

(a) At constant velocity, the deposit on the 
I-strip (e. g., when carrying a reagent for 
specific aerosol components) will present 
the variation of the general or specific 
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aerosol density within the duration of the 
test. Consequently the rate of dispersion 
of an aerosol from an instantaneous source 
can be determined. (Striking of match or 
puff of smoke are simple ways of demon- 
starting the principle.) 

(b) If the I-strip is prepared so that the 
surface concentration of the reagent varies 
along the former according to a predeter- 
mined function (preferably a log-function), 
the method can serve for the quantitative 
indication of specific (not varying) aerosol 
components by direct comparison with a 
standard strip derived from an aerosol of 
known concentration. The preparation of 
such strips with a logarithmically varying 
deposit is facilitated with the concentrometer. 

This method has been applied for test 
strips carrying bacterial cells, upon which 
irritating aerosols were impacted. 

(c) If the angular velocity of D during 
impaction varies (e. g., from fast to slow 
speed), particularly if the variation with 


time is logarithmic, a result similar to (b) is 
obtained on I-strips which carry the indica- 
tor at uniform surface concentration. 


4. Impaction Pattern——As demonstration 
(Fig. 4a) of the performance of the rotary 
impactor, a monodisperse latex aerosol 
(d=0.36) was generated and impacted on 
the surface of a glossy black paper; in 
another test the aerosol was cut off twice 
for one minute during one revolution in 
order to show the sharp definition of the 
intersection. 

The difference in pattern of the deposit 
between this and that of the usual construc- 
tion, which involves impaction on a plane 
surface, is shown by analogous deposits in 
the stationary system where the exposure 
time varied as 1:3:10:30. These patterns 
(Fig. 4b) demonstrate a close restriction to 
the slit projection, also the absence of a 
halo-like secondary pattern characteristic for 
the usual (plane) surface impinger. 


Fig. 4—Rotary Impactor I-strip with impactor patterns: (a) for continuous (left) and 


intervalled (right) aerosol in flow (note sharp definition); (b) impaction patterns on sta- 
tionary rotor (right) and analogous pattern on conventional slide impactor. 
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This deposit pattern is significant in view 
of the inhibition pattern on bacterial mem- 
brane cultures caused by the impaction of 
irritant aerosols. 


II. Bacteriological Procedure 


1. The Working Principle of the Concen- 
trometer.—The I-strips carrying the graded 
bacterial cell deposit were prepared with the 
concentrometer, which effects along one 
direction (+) of a rectangular membrane an 
exponentially varying deposit distribution.* 
The instrument produces this variation by 
an automatic control of the flow distribution 
of a fixed liquid volume (/’) through a 
defined membrane area—contrary to usual 
filtration, where each surface element of the 
filter is passed by an equal fraction of V. 
It follows that, if the concentration within 
V is uniform, the deposit on the screen will 
represent a “wedge,” the thickness of which 
varies in a known way in the x direction. 
Equal quantities of fluid of different concen- 
tration will thus result in similar “wedges” 
of different thicknesses for corresponding 
positions on the screen. 


The scheme of a concentrometer is 
represented in Figure 5: the liquid is filled 
into a profiled cavity (4) of semicircular 
horizontal cross section (4), which is sealed 
by a plate (C) and by a resilient thin metal 
sheet (H). H has an exactly dimensioned 
rectangular window, which determines the 
area of the membrane available for filtration. 
This window coincides with a rigidly sup- 
ported fine wire screen (M), which, in turn, 
supports the membrane strip, sandwiched 
between H and C during filtration. The 
plate (C) has a direct connection (£) with 
the cavity through which the liquid is filled 
initially from / until it overflows A, after 
which E is closed. The second connection 
(F) leads to the back of the membrane, i. e., 
into D, and is connected through the bottle 
(K) with a vacuum pump. 

The pressure difference across M forces 
the liquid to flow from A through M-D-F, 
while simultaneously the liquid level in A 
will be lowered. Consequently, the fraction 
of M available to the passage of the liquid 
will become steadily smaller and the lower 
parts of M must pass increasing quantities 


Fig. 5—Design of con- 
centrometer for liquids: 
A, cavity block; B, flange 
plate of A; H, phosphor- 
bronze gasket defining 
exact screen area; C, lu- 
cite screen holder, sealed 
by plate G; J, alignment 
pins (2); M, filter mem- 
brane; F, connects with 
vacuum flask, K; E, with 
sample container, L. 
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(V) in order to further lower the level in 
A. When the level has reached the lower 
edge of M, the fluid remaining in A is 
drained through E, whereafter C is parted 
from A and M is removed. M carries on 
its surface the retained concentrate at a 
density varying along the vertical x direction 
in accordance with a function, V(x), which 
is once and for all defined by the profile of 
the cavity (4).¢ Such a strip carrying 
concentrometric deposits is termed a 
centrogram” (C-gram). 

The evaluation of such C-grams is deter- 
mined by the following considerations: as 
the distribution of the flow density through 
the screen along x, V(#), is always the 
same, two different liquids of similar na- 
ture of suspended matter with the respective 
concentrations C, and Cz produce from the 
same cavity two C-grams represented by 

Ci(x)=u-V(x); (xr); 

— 

Gz) w (1) 

The general mathematical theory of the 
generation of these distribution functions is 
somewhat involved and will be published 
elsewhere.* 


“con- 


While it is physically possible to produce 
a large but not infinite variety of different 
distributions, (2), by the suitable design 
of the cavity shape the selection of a 
logarithmic (slide rule) function V(#)= 
A-e*, where A and k are fixed instru- 
ments constants, is uniquely suitable for this 
particular purpose. 

The principle underlying the evaluation of 
C-grams with a logarithmic density distribu- 
tion is illustrated schematically in Figure 6, 
where C; and Cs stem from an unknown, 
C, from a known (standard) concentration. 
It is evident that the shift of C, and C2 
against C, by the distance d; and dz respec- 
tively, juxtaposes surface sections with iden- 
tical variation of deposit density. This causes 


+V (+) does not depend on the rate of filtration 
(i. e., pressure difference, or flow-permeability, of 
the screen material) and thus not on a gradual 
decrease of the flow rate, if partial clogging of M 
occurs. The sole requirement is the uniform 
porosity of M at the beginning of the operation. 
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Fig. 6.—Scheme of comparison of two (un- 
known) C-grams. (Ci Cz) with a standard C-gram. 
(Cs) of known concentration. The concentrate 
density which increases downward according to a 
logarithmic function is represented by the closeness 
of the horizontal lines. Shifting of C, (left) for 
the distance d: against C, produces an exact match- 
ing of the lines and analogously the shift of C2 
(right) for de The distances (di, de) determined 
on the instrument scale (right) results in the con- 
centration ration C1:C.s:C2=1.67:1:0.67, the total 
range in this example being 4. 


between the two C-grams a sharply defined 
position of equal appearance, demonstrated 
in Figure 6 by the precise matching of the 
lines, for their density (closeness) cor- 
responds to that of the deposit on the 
C-grams and varies along x according to 
the logarithmic function and the scale in 
Figure 6. In the example, the shifts d; and 
dz correspond on the scale to C;=1.67 
Co=0.67-C,; or 

No other but the logarithmic variation of 
V(x) allows this simple mode of compari- 
son, well-known in photometry. For the 
deposit density at any distance +; along +, 


©. =antilog (kd) i-e., the 
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Equation 1 results 


log =k-d; ae 
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Fig. 7—Concentrometer assembly: (left) open; 
(right) during filtration. 


logarithm of the concentration ratio is in- 
dependent of #, and directly proportional 
to the relative shift, d. The total range, 
defined by the length of the screen in terms 
of the corresponding scale, represents in 
this example the factor of 4, which, for 
practical purposes, can be arranged to lie 
between 10?— 10%; the range depends on the 
shape and capacity of the cavity, A. 

Figure 7 is a photograph of the instru- 
ment used in the BIA tests. The filter area 
is 2X8 cm., through which a total volume of 
220 cu. cm. are filtered; it has a range 
of 200, i. e., the volume which has passed 
the lowest horizontal strip of 2 mm. width 
is 200 times larger than that which has 
passed the uppermost strip of equal width. 

2. Preparation of the Bacterial I-Strips.— 
In almost all tests the same strain of 
Escherichia coli was used because this 
organism is relatively insensitive to partial 
desiccation, while exposed in the impinger. 

The procedure was as follows: 

A 24-hour broth-culture (1 cu. cm.) was 
serially diluted in three 1:10 steps, 1 cu. em. 
of the last was diluted 1:100 and, after 
thorough mixing, diluted further to 1 :1,000, 
resulting in an over-all dilution of 10~*. 
The diluent was a sterile 0.5% NaCl solu- 
tion. Each filtration with the concentrometer 
required 220 ml. 

The concentrometer was sterilized by the 
incomplete combustion of ca. 1 ml. methanol 
(formaldehyde) for 15 minutes,’ and each 
filtration required about three minutes. The 
membranes were then put on double strips 
of filter paper impregnated with a general 
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nutrient solution, containing 0.1% sodium 
benzoate, and laid out in plastic dishes with 
air-tight closures. The addition of the latter 
preserved substantially the viability of the 
deposit prior to insertion into the impactor. 

In order to maintain nearly saturated 
humidity a wad of wet cotton was attached 
to the lid. This procedure was developed 
after it became evident that the time elapsed 
between deposit on the membrane and ex- 
posure to the aerosol was a significant factor 
in the subsequent growth development. Dur- 
ing the exposure the membrane (|I-strip) 
rested on a strip of filter paper impregnated 
with distilled sterile water. After the ex- 
posure in the impactor, the membrane was 
removed and placed upon a rehydrated com- 
mercial nutrient pad t in the same plastic 
dish with cotton wad as before. After com- 
pletion of the test series all dishes (each 
containing three I-strips) were incubated 
20-24 hours at 37 C in inverted position 
to avoid the formation of drops of con- 
densation on the membrane surface. 

After incubation the I-strips were stained 
with methylene blue by a technique previ- 
ously described.‘ 

tIsopor DSN type “General I,” supplier: AG 
Chemical Company, Inc., Pasadena, Calif. 


10 
5 3 
x 
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Fig. 8.—Four C-grams, carrying bacterial con- 
centrations, increasing by factor 5; (right) loga- 
rithmic concentrometer scale, corresponding to the 
cavity profile used. 
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Fig. 9. — Scheme of 
equipment sequence for 
generating and analysing 
aerosols: N, nebulizer; 
C, residence chamber; S, 
aerosol spectrometer; J 
impactor. 


IZ. 


A typical set of four microbiological 
C-grams varying in concentration as 
1:5:25:125 is reproduced in Figure 8. 


III. Generation of Test Aerosols 


1. Calibration Methods.—For the explor- 
atory investigation of synergistic effects of 
toxic irritant gas components, the following 
method was employed (Fig. 9) : 

The components of the aerosol were 
combined in an aqueous __ solution 
suspension and dispersed by a commercial 
Venturi type of nebulizer, activated by 
compressed air of controlled pressure (Ap) 
at the inlet of the nebulizer. 

The resulting air flow (F,, i: L/min.) 
was determined by rotameter, the dispersed 
liquid (M,, i-gm/min.) by weighing the 
nebulizer before and after a defined time 
interval of operation. This determines the 
reproducible “nebulizer-constant” (W= 
M,/F,, i: gm/L.) for aqueous dilutions or 
suspension of subsequent aerosol compo- 
nents, provided that the time of operation 
is short enough to avoid significant deple- 
tion of the liquid. W was found to be of 
the order of 107? cu. cm/L. for V,=9 
L/min. at Ap=12 cm. Hg, hence at the 
longest time of operation (12 minutes) 
about 1 cu. cm., i. e., only 20% of the liquid 
were nebulized. The variation of W dur- 
ing this interval remained within 5%. A 


92/174 


fresh filling from stock solution for each 
operation of the nebulizer was considered 
mandatory, as well as a thorough cleaning. 

The exhaust of the nebulizer (N) was led 
either directly to the rotary impactor or 
after passage through a container (C), 
depending on the residence time required 
between generation and impaction of the 
aerosol. The volume of this container pro- 
vided for an “age” of about 45 seconds. 

In both cases care was taken that the 
flow from the nebulizer was substantially 
larger than the intake of the impactor 
(F,>F;) and that this excess would not 
cause a pressure variation of the flow. 

The particulate components of the aero- 
sol were eliminated prior to impaction, 
whenever required for control purposes, by 
passage through an aerosol spectrometer or 
through a membrane filter. The latter has 
the disadvantages of requiring a pressure 
difference and of exposing the gas to contact 
with an extended potentially sorbent sur- 
face. 

Figure 9 schematically indicates the com- 
binations (I-IV) used for these tests. For 
testing aerosols not generated by the nebu- 
lizer, Combinations I and III were em- 
ployed without N. 

The apparent disadvantage of this mode 
of aerosol generation is—aside from the 
very short residence time—the contact of 
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the future gaseous and particulate compo- 
nents in the same liquid prior to aerosoliza- 
tion. This condition is easily overcome by 
the parallel use of several nebulizers, each 
containing one component only. This was 
not yet done, in order to study first this 
type of aerosol-generation, to be followed 
by the simultaneous separate dispersion of 
each component. Comparison between both 
should give an insight into the combination 
rates between the same components in the 
gaseous phase. 


2. Quantitative Relations —The follow- 
ing quantitative relations exist between the 
composition of the fluid in the nebulizer, 
the irritant gaseous and particulate compo- 
nents generated by it, and the deposit den- 
sities resulting on the impacted surface. The 
symbols and units used are as follows: 


Cm = mass concentration of suspended or dis- 
solved solids in stock solution (grams 
per cubic centimeter ) 

= volume concentration of gas in stock 
solution 

OQ =volume of diluent added to 1 cu. cm. 
stock solution (cubic centimeters) 

p = density of solute (grams per cubic cen- 
timeter ) 

d=particle diameter in colloidal suspen- 
sions (centimeters) 

M = molecular weight of gaseous irritant 

W = ratio of nebulized (aqueous) liquid to 
total air flow (grams per liter) 

Cem) = irritant (gas) concentration in air flow 
(ppm by volume) 

M, = mass-concentration of particulate mat- 
ter in air flow (grams per liter) 
Na=number of particles in monodisperse 

aerosol (per liter) 

F, = flow rate through impactor (liter per 
minute) 

A.= surface area exposed to impaction 
(square centimeters) 


t= length of exposure of A. to impaction 
(minutes ) 


lV’, = total irritant gas volume impacting sur- 
face (cubic centimeters per square 
centimeter ) 


M,=total mass of particles impacting sur- 
face (grams per square centimeter) 


vs = number of statistical layers of impacted 
particulate matter on surface (centi- 
meters~) 


The constants characterizing the nebulizer 
and impactor operation in the tests described 
were as follows: W=1.3-10-? gm/L.; 
F,;=6.8 L/min.; A,=5.2 cm.”; hence, Fi/A- 
=1.31 L/cm?/min.; W- 
gm/cm?/min. 

The concentration (C(ppm)) of a gaseous 
trace component in the air flow, generated 
by nebulizing its aqueous solution, and the 
resulting impacted gas volume (V;) are 
related as in formulas (2) and (3) at the 
bottom of the page. 

Example: To produce in the air flow a 
gas concentration of HCHO (M=30) 
equivalent to 10 ppm from an aqueous solu- 
tion (formalin |C,,=0.36]), the nebulizer 
fluid has to consist of a dilution of 1 cu. cm. 
in Q=390 cu. cm. of water (Equation 3). 
This air flow will cause on the impacted 
surface the volume contact of Equation 2: 
V,=1.3- 10-?-t cu. em. HCHO per square 
centimeter. 

For soluble solids, the above relation can 
be modified to 


M,= t=M, t (4) 
and 


(5) 


Example: To produce from a 10% stock 
solution (C,=10-') of NaCl an aerosol 
concentration M,=10 mg. per cubic meter = 
10-5 gm. per liter, 1 cu. cm. of the solution 
has to be diluted with 130 cu. cm. of water 
(Equation 5) and results in an impact- 


V; (OHI) t=2.5-10 M(O+1) A. t=C ppm) 10 (2) 

C (ppm) = (O+1) and Q =(25 10 we) 1 (3) 


Goets—Tsuneisht 


93/175 


3 


as 
é 4 
= 
4 


A. M. A. ARCHIVES OF INDUSTRIAL HEALTH 


density M,;=1.3-10-5-t gm. per square 
centimeter (Equation 4). 

For suspensions of insoluble particles, 
e. g., spherical Polystyrene latex particles 
of uniform particle diameter (d), the above 
can be further modified in terms of N, and 
as 


sure of the evaporating solvent in the 
aerosol, i. e., for water an increase in humid- 
ity. The value of W=1.3 - 10-* gm. per liter 
for water corresponds to a dew point at 
15 C, i. e, to a relative humidity of about 
53% at prevailing room temperature (27-28 
C). This value is increased by the com- 


and 
No=1.91--%5; Q=(191-S% (7) 


Example: To produce an aerosol from a 
10% hydrosol suspension of such latex 
particles (8=1) of diameter d=2- 10-5 
cm.=0.21 so that a statistical layer of 
vy=2 results in t=4 minutes, 1 cu. cm. of 
the hydrosol has to be diluted with Q=324 
cu. cm. of water (Equation 7) resulting in 
an aerosol density of M,=4-10-® gm. per 
liter and N,=9.5- 108 per liter (Equation 6). 
It follows that the impacted mass of the 
double layer is M;=2.1-10-5 gm. per 
square centimeter, the number (d-?= 
2.5-10® per square centimeter) with a 
total area of particle surface 7-v,=6.3, 
i. €., a more than sixfold increase of sur- 
face area (and thus of the potential ad- 
sorption capacity); the total surface area of 
the monodisperse aerosol would be A,= 
a-N,*d?=1.2 sq. cm. per liter. 

These relations have, however, certain 
limitations requiring critical application, 
particularly in case of the ratio (W) be- 
tween liquid and gas issued by the nebu- 
lizer. If the liquid is volatile, its partial 
evaporation in the nebulizer will produce 
a gradual increase of concentration 
(Cm/[Q+1]), if the solute is less volatile 
(e. g., NaCl, latex), and vice versa for 
gaseous solutes. This effect will cause M, 
to be initially smaller, and larger after pro- 
longed operation of the nebulizer than 
resulting from Equation 5; it can be deter- 
mined by individual calibration and mini- 
mized by frequent replacement of the 
nebulizer fluid. 

Furthermore, the operation of the nebu- 
lizer causes an increase of the partial pres- 
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pressed air (rH <15%) fed into the nebu- 
lizer to about 65%, hence the temperature 
in the system may not be dropped below 
ca. 20 C in order to avoid condensation. 


IV. Results of BIA Tests 


While the principal effort was directed 
primarily toward the development of an 
optimal standardized procedure, a number 
of specific applications of the BIA test were 
explored : 

1. Automobile Exhaust—One of us 
(A. G.) has previously ® described a series 
of tests on irradiated automobile exhaust, 
which demonstrated that the removal of the 
particulate component by the aerosol spec- 
trometer could very substantially decrease 
the eye irritation recorded by a calibrated 
human panel. 

Two similar tests at the identical installa- 
tion § with a 30%-40% olefin-containing, 
i. e., aerosol-forming, fuel of high irritant 
capacity were conducted. In these BIA tests 
the irradiated exhaust was fed to the im- 
pactor directly or subsequent to passage 
through either a membrane filter or the 
aerosol spectrometer. 

Figure 10 (J, //) is a reproduction of 
the resulting I-strips. The presence of the 
aerosol produced a clearly defined track 
of growth inhibition (Ja, //a) with de- 
creasing width through the full length of 
the I-strip, the width depending on the 
initial cell density deposited (/://=1:4). 


§ Stanford Research Institute, South Pasadena, 
Calif., through the Air Pollution Foundation, 
San Marino, Calif. 
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Fig. 10.—I-strips showing reduction of auto 
exhaust inhibition through membrane filter and 


aerosol spectrometer. 


It is apparent that passage of the aerosol 
through a membrane filter (/a-b) substan- 
tially decreased—and passage through the 
aerosol spectrometer eliminated the growth 
inhibition (Ja, IJa-Ic, IIc). This indicates 
that the inhibitory agent is associated with 
particulate matter of a size which can be 
eliminated by the application of centrifugal 
forces of ca. 25,000 g, i. e., of Stokes’ 
diameter (d2>0.08,). 

2. Tobacco Smoke.—Although only indi- 
rectly connected with the specific problem, 
a number of BIA records were taken di- 
rectly from the air-conditioned laboratory 
atmosphere (t=12 minutes). During the 
test a burning cigarette was brought several 
times for a few seconds near the inlet of 
the impactor. This resulted in a typical tem- 
porary irritation record coincident with the 
impacted traces of tar-aerosols visible on 
the I-strips (Fig. 11). 

This test indicates the very large sensi- 
tivity to even minute aerosol concentrations 
and also the lack of parallelism between the 
BIA test and the reactivity of the human 
for this type of irritation. 

3. Synthetic Aerosols —In order to ex- 
plore the possibility of reproducing the 
synergistic irritation recorded with animals 
by LaBelle et al.* and recently by M. O. 
Amdur at Harvard,’ synthetic aerosols con- 
taining HCHO as gaseous irritant and 
KCl or a monodisperse Polystyrene latex 
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Fig. 11—A record of tobacco smoke aerosols on 
I-strips, producing topic growth inhibition. 
(d=0.26) as particulate components were 
generated by nebulizing their aqueous solu- 
tions (resp. suspensions) under well-con- 
trolled conditions into a channel so that an 
“age” of 45-60 seconds at rH =50%-60% 
resulted prior to impaction (Combination 
II, Fig. 9). 

oth irritant and aerosol concentrations 
were of the order of magnitude employed 
in the animal experiments, namely, HCHO: 
12 ppm for the 12-minute, 32 ppm for the 
4-minute exposure of the I-strip; KCl: 12 
and 28 mg. per cubic meter, and latex: 
1.7 and 3.3 mg. per cubic meter, or 1.8 
and 3.5-10° particles per cubic centimeter. 
The test pattern used was as follows: 


HCHO KCl Latex 
> : 
3 x 
4 x — 
5 x x = 
6 x ss x 
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Fig. 12.—I-strips showing synergistic effect of 
HCHO and particles of KCI or latex, also the 
effects of each separately. 


In addition, parallel tests were conducted 
with potentially synergistic combinations 
(Nos. 5 and 6) by passing the aerosol 
through an aerosol spectrometer prior to its 
entry into the impactor (Combination /I” 
in Fig. 9). 

It is noteworthy that the KCl aerosol 
should consist of droplets of a supersatu- 
rated KCl solution in this humidity range. 
Figure 12 (A and B-C) represents photo- 
graphic reproductions of two series of 
I-strips exposed to synthetic aerosols and 
selected as illustrations.|| 

The results so far available can be sum- 
marized as follows: 


(a) The plain control (No. 1) proved 
unnecessary, since the not-impacted side of 
each strip almost always gave sufficient 
evidence of normal growth. 

(b) The KCl control (No. 2) produced 
no traceable effect. 

(c) Heavy latex deposits (No. 3)—as 
control—(vj>10) proved partially inhib- 
itory. This effect can possibly be attributed 
to the covering of the cells with latex layers, 
causing a physical restriction of oxygen 
access. However, a minor specific inhibitory 


|| The sets differ slightly with regard to bacterial 
concentration and impaction rate. Within each set 
all I-strips are identical. 
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action of the latex as such is not entirely 
disproven at present. 

(d) A definite effect is produced by 
HCHO (No. 4) at the concentration used, 
which represents the contact of irritant gas 
of V;=1.7-10-! cu. cm. per square centi- 
meter for t=4 minutes, and V;=1.9- 107! 
cu. cm, per square centimeter for t=12 
minutes. 

Characteristic for the irritant without 
aerosol is the absence of a discrete path, 
instead of which a more general diffuse 
growth inhibition occurs. This may be at- 
tributed to the effect of gas diffusion (A:a 
vs. b). 

(e) The coexistence of the irritant with 
KCl (No. 5) produced a clearly defined 
path of inhibition (A:c, B:b, c), strongly 
indicative of a synergism, particularly be- 
cause comparison of No. 4 with No. 5 
shows better growth development for the 
area not impacted and much less for the 
path of impaction (Fig. 12, 4:6 vs. c). 

This can be interpreted as being due to 
an accumulation of irritant on the aerosol, 
which should cause not only a topical in- 
tensification at the locus of impaction but 
also a depletion of the gaseous component 
available for diffusion. 

(f) The coexistence of irritant with 
latex (No. 6) resulted in a pattern similar 
to No. 5, however, to a much larger extent 
(Fig. 12, A:e vs. e). 

As for the exhaust aerosols, passage 
through the aerosol spectrometer—operated 
at N=18,000, rpm and 4 liters per minute 
eliminated all particles of d20.2u and the 
major fraction of those below this size. 

If part of or all irritant molecules were 
associated with the aerosol particles, the in- 
hibition resulting from the exhaust should 
be less or entirely absent. This pattern was 
apparent in the tests, more specifically, 
passage through the aerosol spectrometer by 
the 

(g) HCHO-KCI aerosol diminished but 
did not entirely eliminate its inhibitory 
effect (Fig. 12, A:c vs. d). 

(h) HCHO-latex aerosol eliminated its 
inhibitory effect completely (C:a,b,c, vs. d). 
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This difference can have the following 
causes: (1) incomplete elimination of KCl, 
because of the undefined very small particle 
size; (2) evaporation of HCHO from the 
KCl particles on the wall of the not-cooled 
aerosol spectrometer; (3) less surface ca- 
pacity of KCl compared with latex; (4) 
a larger concentration of HCHO than 
capable of association with KCl. 

In order to explore these alternatives, 
several test series were made, where the 
relative concentration between HCHO and 
aerosol were changed, by using C/ppm)=32 
or=1.3, i. e., the ratio of particle surface: 
gas was increased by a factor 25; also for 
C ppm) = 32 one-half of the aerosol concen- 
tration M, was used, i. e., the ratio was 
decreased by a factor 2 for the same partial 
pressure (p) of the irritant. 

For KCl the effect increases markedly 
with p for the same M, (B:a vs. b,c). For 
the same p and different M,, the inhibitory 
effect appears unchanged, though the side- 
growth on the not-impacted area was heavier 
(B:b vs. c). This coincides with the pattern 
observed for the irritant with and without 
KCl (4:6 vs. c) and seems to lend support 
to the interpretation by diffusion effects in 
the not impacted area by “free’’ HCHO, 
which for the same p would be the larger 
the smaller M,. 

The pattern is somewhat different for 
latex. The inhibition is much more marked 
than for KCl and appears almost independ- 
ent of concentration of the irritant (C:a 
vs. b,c), though dependent on M, (C:6b vs. 
c). However, the side-growth is distinctly 
larger for large values of M, (C-a,c vs. b). 
This agrees with the observation for KCl 
and indicates also that the associative 
capacity for HCHO by latex is larger than 
by KCl—if commensurable particle surface 
area, i. e., diameters, can be assumed. 

Regarding the above alternatives (1-4), 
these tests—though strictly exploratory— 
support 3 and 4 and do not require 1. 

Clarification of these alternative explana- 
tions necessitates extended additional ex- 
perimentation. 
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Conclusions 

The bacteriological irritation analogue 
(BIA) test—as developed at present—is 
able to indicate qualitatively and to some 
extent quantitatively the irritation intensity 
of aerosols (smog, tobacco smoke, HCHO 
aerosols). It has been used in synthetic 
aerosols as indicator for the degree of as- 
sociation of the irritant gas ( formaldehyde) 
with air-borne particulate matter by com- 
parative tests prior to and after passage 
through the aerosol spectrometer. 

The findings support the assumption that 
a fraction of the irritant gas molecules as- 
sociates with the particle surface and that 
this association produces an intensifying 
(synergistic) effect, which increases with 
the aerosol concentration. 

The synergistic effect parallels the pattern 
of Amdur’s tests with guinea pigs, and 
apparently also those of LaBelle with re- 
gard to paraffin aerosols in analogy with 
latex dispersions.® 

The work was performed under a Research Con- 
tract with the U. S. Public Health Service, which 
also made possible the cooperation with Mr. Heber 
J. R. Stevenson, of the Community Air Pollution 
Program, by assigning him for this purpose to the 
California Institute of Technology. 

The Los Angeles Air Pollution Control District, 
through its research director, Dr. Leslie A. 
Chambers, and members of his staff, aided the 
work; also the Air Pollution Foundation on sev- 
eral occasions granted access to the facilities at 
Stanford Research Institute, South Pasadena, Calif. 

The AG Chemical Company permitted the liberal 
use of its bacteriological facilities, and the Instru- 
ment Development & Manufacturing Company 
loaned an Aerosol Spectrometer (Model E). 

Mr. M. L. Warrick Jr. constructed the impac- 
tors and various other experimental devices, and 
Mrs. L. M. Hauck gave technical assistance. 

California Institute of Technology. 
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ANNOUNCEMENTS 


Postgraduate Course in Occupational Skin Problems at University of Cincinnati.— 
The Institute of Industrial Health of the University of Cincinnati announces that the fourth 
biennial course of instruction in Occupational Skin Problems will be given during the week 


of Oct. 26-30, 1959. 


It will be presented by the Department of Preventive Medicine and 


Industrial Health, University of Cincinnati, in collaboration with the Occupational Health 
Program of the United States Public Health Service, and the Department of Dermatology, 
University of Cincinnati. The object of this course is to give physicians a greater understand- 
ing of cutaneous problems of occupational origin. 


The program will be divided into daily sessions, consisting of morning lectures and clinical 
demonstrations, afternoon field instruction in industrial plants, and evening panel discussions. 
The didactic presentations will include a review of the anatomy, physiology, and chemistry of 
the skin. Detailed consideration will be given to the etiology, diagnostic evaluation, and treat- 
ment of occupational dermatoses, as well as specific measures for prevention and control of 
these problems. Current concepts regarding cutaneous cancer, allergic reactions, and medico- 


legal problems will be discussed. 


Physicians interested in attending the course should write for an application blank to 
Secretary, Institute of Industrial Health, The Kettering Laboratory, Eden and Bethesda 
Avenues, Cincinnati 19. Early application is advised, since attendance will be limited. 


12493— 


New A.M.A. Publication —Old King Cold is the title of a cleverly illustrated pamphlet 
suitable for distribution in office or plant, via reading rack, payroll, or company magazine. 
Shirt-pocket size, this pamphlet contains suggestions that can help employees avoid the com- 
mon cold, hasten recovery and prevent complications for those who do catch cold, and stop the 
spread of infection. Single copy, 15 cents; quantity discounts available. Order Department, 
American Medical Association, 535 N. Dearborn St., Chicago 10. 


Thirteenth International Congress on Occupational Health.—Physicians, nurses, in- 
dustrial hygienists, and representatives from more than 40 countries will attend the 13th 
International Congress on Occupational Health, to be held July 25-29, 1960, at the Hotel 
Waldorf-Astoria, New York. Prevention is the major theme of this Congress. 

New and old problems will be discussed. Valuable knowledge will be shared in the following 
aspects of occupational health: administrative methods, medical and surgical practices, educa- 
tion and training, social and legal aspects, work physiology and psychology, environmental factors 
in health, environmental hygiene, and hazards of specific industries. 

Plan now to attend. Occupational health knows no geographic boundaries. For information 
write to Dr. Robert E. Eckardt, Secretary-General, P. O. Box 51, Linden, N. J. 

Persons who wish to present papers at this Congress on any of the subjects listed above 
should obtain detailed information by writing promptly to Dr. Irving R. Tabershaw, Chairman 
of the Scientific Program Committee, International Congress on Occupational Health, 375 


Park Ave., New York. 
98/180 
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an important problem 
in today’s living! 


The following articles from TODAY’S AEAUT 


available in one pamphlet for 50 cents@iy 


ALCOHOLICS ANONYMOUS, Written fee the standpe 
ment procedures are d and problems fronting the alcoholic 


t a member, the basic treat-_ 


discussed. 


cirrhosis. Increasing stress on nut Henle differences. yo Russell S.B 


HOW TO HELP A PROBLEM DRINKER. Wa derstanding the alcoholic’ s capabiliiaal 4 
necessity of help, causes of his condition. by Edward A. Strecker and Francis T. Chitose Tr. 


THE TREATMENT’OR, ALCOHOLISM.) the steps from the alcoholic 
that he is sick through tre atméAtiandveut@Mby Lewis Inman Sharp « 


CONDITIONED REFREX TREATMENT OF CHRONIC ALCOHOLISM. = 


among methods of treatment today, its development and correlation with personality facto 
by Walter L. Voegtlin 


INSTITUTIONAL FACILITIES FOR THE TREATMENT OF ALCOHOLISM. e 
parative differences, in drinkimiywith the last century, new establishments and methods of 
treatment, lack of trained pepsomtrel. by E. H. L. Corwin 


other pamphlets available. os —— \ 


ALCOHOLISMS.A DISEASE. A discussion by the Chairman of M.A.’s & 
on Alcoholism by Marvin A. Block, cents 


I AM THE winow OF AN AL COHOMC. Tho articles combing f by Virginia Conroy, 
16 pages, 20 cents 7 1 i 


HOW EXPERTS MEASURE DRUNKEN transcrij 
room case. by H. A. Heise, 8 pages, 15 cents ~ 2 


BARBITURATES, BOOZE AND OBITUARIES. A discusiogfe Nrefdanger of mixing 
alcohol and barbiturates. by Donald A. Dukelow, 4 pages, 10 Fi 


TWELVE STEPS FOR ALCOHOLICS. A frank disc when of the meaning of an alcoholic 
behavior. by Richard Lake, 6 pages, 10 cents j 


an actual court- 


address requests to... 


ORDER DEPARTMENT 


AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN STREET, CHICAGO 10, ILLINOIS 


place 

2? 

mittee 


in low back pain, sprains, 


and strains... 


PARAF 


just 6 tablets daily 


is an average effective dose 


Paraflex provides effective muscle relaxation for about 6 hours on a 1- or 
2-tablet dose. It relieves pain and stiffness and improves function in a wide 
variety of common orthopedic, arthritic, and rheumatic disorders. Side effects 
are rare and seldom severe enough to require discontinuance of therapy. 
Supplied: Vablets, scored, orange, bottles of 50. Each tablet contains PARAFLEX, 250 mg. 


*U. S. Patent Pending 


McNeil Laboratories, Inc. 
Philadelphia 32, Pa. 
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